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July 7,2006 

Jerelean Johnson
United States Environmental Protection Agency 
Superfund Division (SFD-9-1)
75 Hawthorne Street 
San Francisco, CA 94105

Daniel A. Meer, Chief
United States Environmental Protection Agency 
Response, Planning and Assessment Branch 
Superfund Division 
75 Hawthorne Street 
San Francisco, CA 94105

RE: Natural Occurring Asbestos - El Dorado Hills, California

In October 2004, the U.S. Environmental Protection Agency (EPA) Region 9 conducted a series 
of tests in and around El Dorado Hills (EDH), California, to assess the. potential exposure of 
residents to naturally occurring asbestos (NOA). EPA released a report of its results to the 
general public in May 2005 [El Dorado Hills Naturally Occurring Asbestos Multimedia 
Exposure Assessment El Dorado' Hills, California: Preliminary Assessment and Site Inspection 
Report - Interim Final]. At the request of the National Stone, Sand & Gravel Association 
(NSSGA), RJ Lee Group, Inc. (RJLG) conducted a review of EPA's May 2005 report and 
underlying data and issued a report (dated November 2005) entitled "Evaluation of EPA's 
Analytical Data from the El Dorado Hills Asbestos Evaluation Project". EPA Region 9 issued a 
letter (Meer) dated March 9, 2006 to RJLG and NSSGA requesting the submission of supporting 
documentation to RJLG's November 2005 report. On April 20, 2006, EPA Region 9 issued a 
report entitled "Response to the November 2005 National Stone, Sand & Gravel Association 

. Report Prepared by the R.J. Lee Group Inc [sic] 'Evaluation of EPA's Analytical Data from the El 
Dorado Hills Asbestos Evaluation Project'" (Region 9 April 20 Response). In addition to the 
sequence of reports listed above, Mr. Gregory Meeker, USGS and a consultant to the EPA, in an 
undated letter, prepared a "Response to Questions Submitted by Dr. Vicki Barber, 
Superintendent of Schools, El Dorado County, California regarding Asbestiform Amphiboles" 
(Meeker Response). Dr. Barber's questions were submitted to Dr. Robert Virta, USGS, in an 
email dated February 1,2006.

Upon review of the Region 9 April 20 Response, RJLG concluded there are a number of 
important differences of opinion as well as factual misstatements in the Region 9 Response that 
RJLG must address to ensure an accurate public record. To avoid unnecessary reiteration and 
to ensure that EPA's statements are kept in context, RJLG's responses are provided in the form 
of annotated comments within the Region 9 April 20 Response (Exhibit A). Similarly, RJLG has 
provided comments to the Meeker Response (Exhibit B). RJLG's response to EPA's March 9
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letter is included in Exhibit C.

The major issues are summarized below.

There are serious data quality problems with the data from EPA's contract laboratories (i.e., 
Lab/Cor and Asbestos TEM Laboratory) that require a complete review and revision prior to 
using the data for a risk evaluation. Although EPA has continued to insist that they have 
followed carefully prescribed procedures for assuring data quality so that there could be no 
problem, RJLG's findings, also recently confirmed in two independent analyses conducted by 
Dr. D. Wayne Berman (on quality issues) and Mr. John Addison (on mineralogy and quality 
issues), indicate that the EPA's analytical results display serious data quality problems. 
Problems with the data include (1) the findings of the Asbestos TEM Laboratory of actinolite 
asbestos in the soil samples cannot be confirmed; (2) Lab/Cor failed to properly follow the ISO 
10312 analytical method; (3) replicate/duplicate analyses demonstrate a lack of consistency in 
fiber measurements; and (4) selected area electron diffraction pattern (SAED) analysis and 
mineral identification by energy dispersive X-ray analysis (EDXA) show serious inaccuracies 
including measurement errors and systematic bias.

Irrespective of one's views regarding data interpretation or the general issues regarding 
asbestos and health effects in El Dorado Hills, any data used to evaluate such issues must be 
such that it can be reproduced in basic quality control tests (i.e., there must be reproducible 
counts when counting the same particle at the same location on the filter). Absent 
reproducibility, the data cannot be considered reliable, and it-is impossible to develop or 
implement responsible and scientifically valid policies to address asbestos exposures or risks.

EPA Region 9 expanded the definition of "asbestos" to include all elongated mineral 
. particles as asbestos. Region 9's analytical approach in the El Dorado Hills Study was based on 
counting any amphibole and serpentine particles as asbestos during TEM analyses that are 
longer than 5 pm and that have an aspect ratio > 3:1 without consideration of whether the 
particle was actually asbestos or not. Lab/Cor expanded the mineralogical definition of asbestos 
by including particles that, at a minimum, do not have parallel sides. This modification of the 
analytical method, in particular the ISO 10312 procedure, is inconsistent with the 
geological/mineralogical definition of asbestos, and in the NOA context, results in significantly 
inaccurate estimates of asbestos exposure. ‘ Thus, the ISO 10312 method is an improper 
methodology for estimating health risks from NOA. The consequence of EPA Region 9's. 
broadening of the definition of asbestos to include rock fragments of amphiboles and serpentine 
is that over 30% of the continental United States will be subject to a designation of being 
"asbestos" contaminated.
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Based on more than thirty years of experience in developing methods for the analysis of 
asbestos, as well as a thorough knowledge of the most relevant and up-to-date mineralogical 
and epidemiological literature, RJLG has. concluded that the geological and mineralogical



distinctions between asbestos and nonasbestos amphiboles and serpentines are critically 
important in defining and assessing exposures to asbestos, particularly exposures to NOA, 
which is found in an unprocessed natural state. Basing NOA exposure estimates on a tally of all 
elongated particles that are at least 5 pm long, whether or not the particles are asbestos, results 
in invalid estimates of NOA exposure that do nothing to improve the protection of public 

health.

Tremolite/actinolite asbestos show parallel extinction, not oblique extinction, in the 
polarized light microscope. Region 9 continues to state that actinolite asbestos was found in 
virtually all soil samples. Region 9 and Mr. Meeker compare the oblique extinction angles of 
the tremolite/actinolite found in the NIST Standard Reference Material (SRM) 1867a with the 
oblique extinction angles reported by Asbestos TEM Laboratory for particles in the El Dorado 
Hills soil. Region 9 discounts the RJLG argument that oblique extinction angles are inconsistent 
with the properties of asbestos, and relies on Mr. Meeker's interpretation of the NIST SRM 
1867a to suggest that the NIST SRM 1867a is a "gold standard" for the extinction angles of 
tremolite and actinolite asbestos. RJLG does not believe the NIST SRM 1867a should be viewed 
as certifying the extinction angles of asbestos. The optical properties listed in the NIST 
Certificate of Analysis1 were measured on "larger, single crystal fibers", not asbestos fibers (page 
3 of the NIST certificate). The NIST certificate notes that only "some portion of the standard is 
asbestiform" and also states that "the unique morphology of asbestos may alter the properties of 
tremolite, actinolite, and anthophyllite asbestos from those reported for the materials contained in this 
SRM, as described in Reference 4." Therefore it is incorrect to suggest that asbestos fibers can 
exhibit oblique extinction just because some of the particles that are present in the NIST SRM 

1867a exhibit oblique extinction.

Asbestiform tremolite collected from Harvard Way near the EPA test site and from other 
California locations have parallel extinction. RJLG has evaluated microscopically asbestiform 
particles, as described in SRM 1867a, from a naturally occurring asbestos vein at Harvard Way, 
some two hundred yards from one of the playgrounds tested in the El Dorado Hills Study. 
Nineteen out of twenty asbestiform fiber bundles, meeting three or more of the criteria for the 
asbestiform habit, had parallel extinction. Similar results were obtained for three other samples 
of naturally occurring tremolite asbestos from California, "including SMR 1867a. The vast 
majority of particles meeting two or more of the criteria that are characteristic of asbestiform 
minerals had parallel extinction. It is extremely uncommon to observe a population of asbestos 
fibers without observing parallel extinction. Addison indicates that asbestiform particles in the 
UK standards have parallel extinction2 * * *. In contrast, both Asbestos TEM Laboratory and RJLG

1 National Institute of Standards and Technology, 2003. Certificate of Analysis; Standard Reference Material® 
1867a, Uncommon Commercial Asbestos. Available:
https://srmors.nist. gov/certificates/1867a.pdf?CFID=4653224&CFTOKEN=3bldee8a6980cca6-F6F7B807-B6AE- 
6927-25494bB41F0F309C&isessionid=b4302e2788e7$DB$FE$A. Accessed May, 2006
2 Addison (2006). "Comments on the Report Dated November 2005, by the RJ Lee Group of the 'Evaluation of EPA's
Analytical Data from the El Dorado Hills Asbestos Evaluation Project7 as presented by the EPA in the document 'El
Dorado Hills, Naturally Occurring Asbestos Multimedia Exposure Assessment Preliminary Assessment and Site

Inspection Report Interim Final", March 23, 2006.
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reported that the amphiboles in El Dorado Hills soil have inclined extinction, and neither 
laboratory found particles with the asbestiform morphological characteristics as described in 
the NIST SRM 1867a. Thus, RJLG found no evidence to support Mr. Meeker's argument that 
naturally occurring asbestiform fibers may have different extinction angles or morphologies 

than asbestiform fibers in commercial asbestos.

Tremolite/actinolite mineral particles do not form as asbestos fibers when their crystals 
contain more than a very small amount of aluminum. Region 9 disagrees with RJLG's 
assertion that the aluminum content of the particles in the El Dorado Hills Study is too high to 
permit them to be asbestiform. Mr. Meeker does not disagree with RJLG assertions concerning 
the aluminum content, but suggests that there may be exceptions. RJLG evaluated the 
aluminum content of asbestiform particles from the asbestos sample collected at Harvard Way, 
and the two other amphibole asbestos samples from California. None had aluminum in excess 
of one percent. In contrast, 75 percent of the particles in the El Dorado Hills soil analyzed by 
RJLG, and the particles analyzed by Lab/Cor from the El Dorado air samples, had aluminum 
content in excess of one percent. Thus, it is unlikely that the particles exhibiting the elevated 
aluminum content reported by EPA belong to the asbestiform population that is common to the 
El Dorado Hills area.

The Lab/Cor amphibole particles had aspect ratios consistent with nonasbestos particles, not 
asbestos fibers. Neither Region 9 nor Mr. Meeker evaluated RJLG's finding that the 
length/width distribution and mean aspect ratio of the particles in the El Dorado Hills Study 
were not that of an asbestiform population. Region 9 simply discounted this conclusion. RJLG 
also found that Lab/Cor did not adhere to the ISO 10312 method requirement that particles 
must have parallel or substantially parallel sides to be included in the fiber count.

The vast majority of asbestos fibers and nonasbestos particles from the El Dorado Hills 
location are readily classified as either asbestos or nonasbestos. Region 9 suggested that it is 
'virtually impossible' to distinguish the particles in the El Dorado Hills Study from asbestiform 
particles based on Mr. Meeker and other literature references. As a general matter, federal 
agencies, including the Agency for Toxic Substances and Disease Registry (ATSDR) and the 
Occupational Safety and Health Administration (OSHA), have long recognized that 
nonasbestos particles can be distinguished from asbestos fibers. Nevertheless, to evaluate 
EPA's assertions, RJLG recorded TEM and SEM images of asbestiform particles from RJLG's 
Harvard Way asbestiform sample and other asbestiform samples from California, as well as 
nearly two hundred elongate particles having an aspect ratio greater than 3:1 in soil samples 
from the El Dorado Hills Study. These photographs, attached to RJLG's Response to EPA's 
March 9 request (Exhibit C), demonstrate that while there may be circumstances where the 
ability to differentiate between asbestiform and nonasbestos particles may be difficult, the 
distinction is readily apparent in the vast majority of amphibole particles from the El Dorado 
Hills soil samples.



I

I

RJ LeeGroup, Inc.
Project Number: LLH603578 
Page 5 of 6

A national review of naturally occurring asbestos policy is essential. Region 9 conducted the 
October 2004 tests to evaluate possible exposure to asbestos that may occur due to the presence 
of asbestos in soils. There are documented data quality flaws in EPA's El Dorado Hills Study 
which Region 9 neither acknowledges nor refutes. EPA Region 9, Mr. Meeker, and their 
contract laboratories have a very different understanding of key issues and methods than does 
RJLG and numerous other scientists. The issues, highlighted by the El Dorado Hills Study, have 
a national impact and underscore the need for substantive clarifications of NOA policy at the 
national level. A target outcome of this review should include improved clarity in the 
definitions, methods, and risk analysis procedures used to evaluate the potential health effects 
of NOA. The National Voluntary Laboratory Accreditation Program (NVLAP) should be 
charged with conducting additional training of laboratory personnel, whose primary activity to 
date has been post-abatement analysis of commercial asbestos fibers and who are unfamiliar 
with the distinction between asbestiform and nonasbestos amphiboles and serpentines, before 
qualifying them to analyze samples from mixed mineral environments.

The Exhibits attached provide further clarification, detail and support with regard to RJLG's 
fundamental analytical differences with Region 9 as well as the data quality flaws in the El 
Dorado Hills Study, the inaccuracies in Region 9's April 20 Response (Exhibit A), the Meeker 
Response (Exhibit B) and the supporting documentation of RJLG's initial evaluation of EPA's El 

Dorado Hills Study (Exhibit C).

Respectfully submitted,

Richard J. Lee, Ph.D. 
President

copy: W. Ford, NSSGA
Wayne Nastri, Regional Administrator, USEPA Region 9 
Dr. Gerald Hiatt, Senior Regional Toxicologist, USEPA Region 9

Enclosures: (listed on next page)



Enclosures:

Exhibit A: Response of RJ Lee Group to the EPA Region 9 "Response (dated April 20, 2006) to 
the November 2005 National Stone, Sand & Gravel Association Report Prepared by the R.J. Lee 
Group, Inc [sic] 'Evaluation of EPA's Analytical Data from the El Dorado Hills Asbestos 

Evaluation Project"'.

Exhibit B: Response of RJ Lee Group to Mr. Meeker's Letter (undated) to Dr. Vicki Barber, El 

Dorado Hills School District.

Exhibit C: Response of RJ Lee Group to EPA Region 9 (Meer) March 9 2006 Letter
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NATIONAL STONE, SAND & GRAVEL ASSOCIATION

■Katural building bbchs far quality of life

Position on Naturally Occurring Asbestos

Who Are We?
The National Stone, Sand & Gravel Association (NSSGA) represents the construction aggregates industry. Our member 
companies produce more than 92 percent of the crushed stone and 75 percent of the sand and gravel used annually in the 
United States. More than three billion tons of aggregates were produced in 2005 at a value of $17.4 billion, contributing $38 
billion to the GDP of the United States. Every $1 million in aggregate sales creates 19.5 jobs, and every dollar of industry 
output returns $1j58 to the economy. Seventy percent of our nation's counties include an aggregates operation, and virtually 

every congressional district is home to a crushed stone, sand or gravel operation.

Why We're Here
• In 1986 the Occupational Safety and Health Administration promulgated a regulation that regulated common mineral 

rock fragments as asbestos. In 1992, after six years of comprehensive review. OSHA issued a final regulation, based 

on risk, which removed common rock fragments from its asbestos standard.
• Since 2003, NSSGA has re-briefed U.S. EPA in five different line offices on the importance of accurate mineral 

definitions.1 Briefing Headquarters decision-makers is the next step in the process.
• In the interim, EPA Region 9's work on naturally occurring asbestos in El Dorado County, California concerns us 

because it does not distinguish between common mineral rock fragments and asbestos. This omission creates the 
potential to once again overextend the regulatory process to common'mineral rock fragments.

• The approach used by Region 9 in El Dorado County is inconsistent with Region 2's investigation of the Southdown 
Quarry in New Jersey. Region 9's approach will result in defining harmless rocks as asbestos, creating far-reaching 
consequences for other EPA regions and the regulated communities (i.e. construction, land developers, housing, school 
districts, arid mining).

• • Region 9's expansion of the regulatory definition of asbestos impacts over 30 percent of the United States land area,
making this a national, not a regional, issue.

NSSGA's Position Oh Asbestos
• NSSGA supports strict regulation of harmful exposure to asbestos in commercial products as well as in the natural 

environment. Regulation and legislation addressing asbestos must have definitions, analytical methods and risk 

assessment procedures that are based on sound science.
• Definitions and methods must be sufficiently accurate and precise to differentiate regulated asbestos fibers from 

common rock fragments. Mineral fragments such as these have never been found to cause health effects like those 
associated with asbestos as evidenced by the fact that asbestos-related diseases have never been associated with the 
aggregates;industry and there are no scientific studies in the literature reporting such health effects from these rock 
fragments. There are many published studies that show cleavage fragments do not cause asbestos-like diseases.

• In fact, EPA Region 9 has not shown any asbestos-like disease in El Dorado County.

NSSGA Requests That The U.S. Environmental Protection Agency Headquarters...
• Expeditiously initiate with an independent, neutral, qualified scientific body, preferably the Health Effects Institute 

(HEI), a review and study of the definition of the risk fibers in naturally occurring asbestos (both the definition and the 
method of measurement) and the development of a standard protocol for risk assessment and management when such 
materials exist in the natural environment. EPA has a 25-year history with HEI. HEI has addressed asbestos in the 
past. This: is needed for both future regulatory and local risk assessment applications.

• Resolve the current inconsistency in assessing naturally occurring asbestos risk differently from region to region (as in 

die differences between Region 2 and Region 9).
• Hold in abeyance any regional office risk assessment involving naturally occurring asbestos until the conclusion of the

Agency s review process. 1605 KING STREET ■ ALEXANDRIA. VA 22314

703 525 8788 ■ 800 342 1415 ■ FAX 703 525 7782 

WWW.NSSGA.ORG
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NATIONAL STONE. SAND & GRAVEL ASSOCIATION

Natural building blocks for quality of Ufa

July 7,2006

Mr. Daniel A. Meer, Chief 
United States Environmental Protection Agency 
Response, Planning and Assessment Branch 
Superfund Division

Ms. Jere Johnson
United States Environmental Protection Agency 
Superfund Division (SFD-9-1)
75 Hawthorne Street 
San Francisco, CA 94105

RE: Evaluation of EPA/s Analytical Data from the El Dorado Hills Asbestos 
Evaluation Project

This letter serves as the National Stone, Sand & Gravel Association's (NSSG A) response 
to your request for detailed information dated March 9,2006. Since receipt of that 
request, the NSSG A has received a copy of the Environmental Protection Agency (EPA) 
Region 9's April 20,2006, official response to the RJ Lee Group Report. Because both 
documents are related to the same subject, it has required more time than initially . 
anticipated to compile a thorough response. NSSG A has requested that one of its 
consultants, RJ Lee Group Inc., respond to EPA's technical questions in a separate 
submittal covering the assertions and issues raised in the two documents. For purposes 
of completeness, the NSSGA response for the EPA Headquarters distribution list 
includes the RJ Lee Group, Inc. submittal.

NSSGA's Experience with Environmental Implications of Mining Aggregates 
The NSSGA is the world's largest mining association by product volume, according to 
the U.S. Geological Survey. Its member companies employ 117,000 men and women 
who produce 92 percent of the crushed stone and 75 percent of the sand and gravel 
(construction aggregates) used annually .in the United States. Sales of natural 
aggregates generate nearly $38 billion annually for the U.S. economy. During 2005, a 
total of about 3.2 billion tons of crushed tone, sand and gravel, valued at $17.4 billion, 
were produced and sold in the U.S.

1605 KING STREET ■ ALEXANDRIA. VA 22314 
703 525 8788 ■ 800 342 1415 ■ FAX 703 525 7782 
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Aggregate? are used in nearly all residential, commercial and industrial building 
construction and in most public works projects, such as roads, highways, 
bridges, railroad beds, dams, airports, water and sewage treatment plants, and tunnels. 
While the American public pays little attention to these raw natural materials, they go 
into the manufacture of asphalt, concrete, glass, paper, paint, pharmaceuticals, 
cosmetics, Shewing gum, household cleansers and many consumer goods.

Aggregates also have a number of significant environmental protection applications, 
including erosion control and slope protection with dams, along roadways and bridges, 
along shorelines, navigation channels, rivers, stream banks, construction site exits and 
runoff control and wetland and stream restoration; for filtration in sewage treatment, 
wastewater control, septic tank leaching fields and infiltration for aquifer 
replenishment; for flue gas de-sulfurization for acid neutralization in streams, lakes and 
on agricultural land; for reclamation of mine sites as backfill and land cover; in landfills 
and waste disposal operations as leachate and gas collection layers, covers and 
protection and for leachate pH adjustment; iri concrete and asphalt materials used in 
construction for public works infrastructure, to mention just a few.

NSSGA's Environmental Guiding Principles, adopted as Association policy by its Board of 
Directors on January 20,1991, state in part:

"The National Stone, Sand & Gravel Association.... believes that 
environmental laws and regulations should be based on sound 
scientific, engineering and medical principles. To this end, NSSGA 
will work with lawmakers and regulators and make available the 
expertise of its members, staff and research facilities to help in shaping 
the nation's environmental policies."

NSSGA has a long history of working cooperatively with government agencies, 
including EPA, in making the results of its research and expertise available to decision 
makers and regulators at all levels of government. An example is the 15-year, ongoing • 
cooperative program with EPA, and relevant state agencies, to measure and evaluate 
particulate emissions to the ambient air from aggregates operations. The data from the 
emissions testing program have resulted in accurate particulate emission factors, which 
are now included in EPA's AP-42 technical reference publication used by EPA and state 
air regulatory agencies. ■

NSSGA Requests National EPA Headquarters to Resolve the NOA Issue 
It is apparent from Region 9's official April 20th response to RJ Lee Group's Evaluation of 
EPA's Analy tical Data from the El Dorado Hills Asbestos Evaluation Project (RJ Lee Group 
Report) that there are serious differences of opinion between NSSGA's many consulting 
scientists and EPA Region 9 regarding the health effects of cleavage fragments, the 
optical, mineralogical and chemical properties of asbestos versus cleavage fragments,
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and Region 9 s proposed expansion of the definition of asbestos to encompass common 
rock-forming minerals that are present in over thirty percent of the nation's continental 
land surface.

As documented in this response, the character of fibers described as asbestos fibers in 
the RJ Lee Report is consistent with well-established mineralogical research concerning 
the correct identification of asbestos. It is also consistent with the most current health 
risk assessment research concerning generic or general fiber dimension, including the 
Berman Crump Protocol1 and the findings of the referenced May 2003 Peer 
Consultation Workshop2 on that protocol. In contrast, the character of particles counted 
as asbestos fibers in the EPA El Dorado Study is inconsistent with current scientific 
knowledge and the Berman Crump Protocol and even the current EPA IRIS3 risk 
assessments. The ultimate consequence of not correcting this discrepancy will be the 
issuance of an incorrect and scientifically inaccurate risk assessment which will 
mistakenly alarm the public and adversely impact local government bodies and 
economies.

After a comprehensive review by multiple, world-recognized asbestos experts, 
including experts in human epidemiology4, animal5 and cellular toxicology6 (attached), 
the mineralogy and geology of asbestos7'8, the optical and electron microscopic analysis 
of asbestos and cleavage fragments®'10 and the risk assessment methods and approaches 
involved with asbestos11'12, the NSSGA is convinced that there is an urgent need for an 
unbiased, comprehensive, independent review of the science addressing the definitions 
and measurement of NOA so the nation can proceed with an accurate standardized risk 
assessment method to ensure that public health is protected and unwarranted economic 
chaos is avoided. The successful model for such a review can be taken from the work of 
previous asbestos-related working groups enlisted by the Health Effects Institute 
(HEI)13/ which has a 25 year history of working with EPA on a variety of issues affecting 
public health, and the National Academy of Sciences (NAS)14. The NSSG A urges the 
EPA national headquarters to expeditiously commission an independent review with 
either the HEI or the NAS.

This national review is crucial since the approach currently being pursued by Region 9 
is precedent-setting by its advocacy of a grossly over-inclusive definition of asbestos 
which incorporates certain common rock-forming, non-asbestiform minerals that meet 
simple and arbitrary analytical dimensional counting criteria adopted in 1958 by the 
asbestos textile industry15. This use of an arbitrary dimensional counting criteria to 
apply a risk factor derived from environments that are essentially free of rock fragments 
to an environment in which rock fragments constitute the vast majority (if not all) of the 
particles being characterized in the analysis has serious unintended consequences and 
is not protective of public health. In addition, Region 9's proposed approach is non
peer reviewed and is derived from data with serious quality assurance and control 
issues16. The expansion of the asbestos definition, without the presentation of any
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scientific justification, to common rock-forming minerals will impact billions of tons 
stone that comprise the current and future infrastructure of the country. To emphasize 
Region 9's departure from precedent, the United States government currently does not 
regulate cleavage fragments as if they were asbestos in any context.

This response addresses some relevant background issues and then sets forth the 
scientific basis for the conclusions reached in the RJ Lee Group analysis as well as 
highlighting the relevant risk issues as analyzed by Dr. D. Wayne Berman, with 
supporting documentation separately attached.

The NSSGA has a Consistent and Long Record for Advocating Sound Science in 
Asbestos Regulation
The NSSGA has intensively studied the NOA issue since the Occupational Safety and 
Health Administration (OSHA) promulgated its 1986 asbestos standard17 that included 
non-asbestiform actinolite, tremolite and anthophyllite minerals. These non- 
asbestiform minerals were removed from the asbestos standard after a six-year 
administrative stay during which the cleavage fragment health issue was studied in 
depth and OSHA concluded that they did not warrant regulation as if they were 

asbestos18. The science on which that decision was based has become even more 
supportive i over the past 20 years 1.2,4,5,6,19,20,21,22

NSSGA believes that in order to protect public and worker health, there should be strict 
regulation of harmful exposure to asbestos, whether it occurs from handling 
commercially produced asbestos products or occurs in the natural environment. In 
testimony before the U.S. Mine Safety and Health Administration (MSHA) in 200223, the 
NSSGA put forward its position that all asbestiform amphiboles (including winchite 
and richerite, as well as others) and wooly erionite, an asbestiform zeolite, be regulated 
as strictly as asbestos at the lower permissible exposure limit used by OSHA.

In order to achieve this goal, NSSGA believes it is very important to public health and 
proper risk assessment to establish an accurate mineralogical and regulatory definition 

of the term, "asbestiform." As shown in the enclosed document, The Asbestiform and 
Prismatic Mineral Growth Habit and Their Relationship to Cancer Studies - A Pictorial 
Presentation, the NSSGA has relied upon consensus definitions from world-recognized 
experts in Asbestos mineralogy24 as well as EPA's own definition25 of the asbestiform 
mineral growth habit which is as follows:

Asbestiform mineral fiber populations generally have the following characteristics when 
viexoed by light microscopy:

■ 1. Mean aspect ratios ranging from 20:1 to 100:1 or higher for fibers longer than
5 micrometers,

2. Very thin fibrils, Usually less than 0.5 micrometers in width,
3. Parallel fibers occurring in bundles, and

4
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4. One or more of the following:
a. Fiber bundles displaying splayed ends
b. Matted masses of individual fibers,
c. Fibers shoiving curvature

Exposure to asbestos fibers with the above properties was the type that the workers 
experienced in the epidemiological studies used by EPA's Integrated Risk Information 
System (IRIS) and OSHA's asbestos risk assessments. Mixed dust environments, which 
have substantial concentrations of cleavage fragments, were explicitly excluded from 
EPA's and OSHA's risk assessment derivations. This omission is extremely informative 

because studies containing substantial cleavage fragment exposure (e.g. Quebec 
chrysotile miners) uniformly show a significantly lower dose-response than what is 
seen in studies of commercial asbestos26. This is because these cleavage fragments (in 
the case of chrysotile miners - antigorite and lizardite, which have not been shown to 
cause asbestos-like disease) were mistakenly counted as'asbestos, thereby inflating the 
dose relative to the response27.

NSSGA's position is based upon numerous published epidemiological and health 
studies of human, animal and cellular toxicity that, as recently as last year, have been 
reviewed by international experts in their respective fields that show that cleavage 
fragments do not pose asbestos-like risks4-5-6. The NSSGA also bases its position on 
OSHA's six-year review of its 1986 asbestos standard on whether to include rock 
fragments of the asbestos minerals in the standard18, the late 1980's U.S. Consumer 
Product Safety Commission (CPSC) decision regarding tremolite cleavage fragments in 
play sand28 and the. more recent decision concerning "asbestos" in crayons29, the data 
and epidemiological studies underlying OSHA's quantitative risk assessment18 and 
EPA's IRIS update3; and the latest science regarding fibers that pose the most risk, the 
Berman Crump Protocol1. This massive library of science, representing years of 
research and conclusions, clearly indicates that exposure to common rock fragment 
counterparts of the more rare asbestiform varieties of the same minerals do not cause 
asbestos-related diseases.

Asbestos Measurement in Occupational and Ambient Environments 
To fully respond to EPA Region 9's request of NSSG A, it is important to make a few 
background points relevant to the analytical methodologies at issue for estimating 
exposure to asbestos that has become dispersed in an outdoor, non-occupational 
setting. This type of exposure has come to be called naturally occurring asbestos or 
"NOA", even though, of course, all asbestos is "naturally occurring." The NOA 
designation points to the fact that the exposures at issue are due to geological 
occurrences of asbestos that may have become dispersed generally in the ambient, 
outdoor environment as the result of incidental disturbances, such as construction 
activities, rather than due to indoor, occupational exposures that occur as the result of 
intentional handling of commercial asbestos products.
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As long recognized by OSH A and other regulatory agencies, including EPA, regulation 
of any asbestos risks must be based on sound techniques for identifying and estimating 
the presence and toxicological significance of asbestos fibers. This issue takes on special 
importance in the context of NOA since typically these exposures occur in the context of 
dispersed air and water contaminations that are difficult to identify, measure or 
estimate the health effects. These.analytical challenges, however, do not legitimize 
basing NO'A regulatory policy on conventional occupational exposure approaches that 

are scientifically invalid in the context of NOA.

The methodology used by Region 9's contracting laboratory, Lab/Cor, is based on a 
particle counting convention that was developed decades ago in the context of 
estimating exposure to asbestos fibers in occupational settings where asbestos was in 
commercial use. In such settings, high concentrations of asbestos fibers were known to 
exist and workers were exposed to them for relatively long periods of time. Because 
scientists used microscopy to estimate the exposure levels, they developed an 
estimating methodology based on counting as "asbestos" any particle they could see 
that was longer than 5 microns and had a ratio of length to width of 3:1 or greater15.

The use of this approach to estimate NOA exposures is scientifically invalid because it 
allows simple counting criteria for known asbestos environments to be used to "define" 
asbestos in unknown asbestos environments containing mixed dust. Mineralogists do 
not, and have never defined asbestos fibers according to simple shape characteristics 
such as "longer than 5 microns with a minimum aspect ratio of 3:1." This description in 
fact could apply to many different non-asbestos minerals that do not have other 
physical, chemical or toxicological properties of asbestos. Thus, as detailed at much 
greater.length below, mineralogists have evolved a number of techniques to identify 
asbestos particles in airborne dust and other environmental samples of unknown origin ' 
based upon an array of appropriate physical, chemical and optical properties as well as 
population-based generalizations about fiber length, diameter and aspect
ratio7/8,9,10,3031.32.

These identification criteria developed by mineralogists differ significantly from the 
"longer than 5 um, minimum 3:1 aspect ratio" occupational exposure counting 
convention and, used cumulatively and with insight by skilled mineralogists, result in 
much more accurate asbestos identification and quantification. Indeed, RJ Lee's 
analysis applied many of these mineralogical criteria to conclude that Lab/Cor's 
inappropriate use of the conventional counting methodology to identify the mineral 
composition of samples collected from the ambient environment of El Dorado Hills 
results in highly inflated estimates of asbestos fibers in that environment. As the RJ Lee 
analysis shows, affirmed by three peer reviews and two subsequent reviews by Dr. 
Catherine Skinner and Mr. John Addison, both noted mineralogists, Lab/Cor
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inaccurately identified a large proportion of elongated prismatic or non-asbestiform 
particles as harmful asbestos fibers.

In short, the counting criteria used by Region 9 cannot distinguish asbestos from non
asbestos and therefore provides no basis for estimating exposures to the physical, 
chemical or toxicological properties of asbestos that pose human health risks. An 
agency seeking to regulate asbestos exposure must use an appropriate and scientifically 
valid methodology for identifying the exposure levels and related risks. In the case of 
NO A, it is invalid to use an arbitrary analytical construct (i.e., a particle counting 
criteria) to define a mineral-based health risk. Any analytical protocol for NOA must be 
based on the best mineralogical science available for identifying and estimating the 
amount of asbestos in the ambient environment. There is no role for overly broad, 
simplistic fiber counting criteria in asbestos identification or risk estimation.

The actual history behind the adoption of the 3:1 aspect ratio is also informational for 
understanding the deficiencies inherent in EPA's current protocol as it pertains to 
mixed dust environments. In the second half of the twentieth century, UK and US 
scientists seeking to help employers estimate the occupational exposure of their workers 
to asbestos in factories involved in commercial usage of asbestos developed a 
"counting" methodology that consisted of collecting air samples on a filter and then, 
using a phase-contrast light microscope, counting as asbestos any mineral particles that 
had a length of 5 um or longer and had an aspect ratio (i.e., ratio of length to diameter) 
of at least 3:1.

The 3:1 aspect ratio was not based on any scientifically valid definition of asbestos 
characteristics or the toxicological significance of such characteristics, but reflected a 
need to improve consistency in exposure measurements by analysts. Since fiber 
counting analysis was performed using a phase-contrast light microscope at a 
magnification of 400-450x which made the minimum identifiable width 0.2-0.25 um, 
and since asbestos fibers may be as small as 0.02 um in diameter, there was recognition 
that the measurement was only serving as an index of exposure versus an absolute 
quantification of asbestos fibers. The researchers found that the 5 um, 3:1 counting 
convention resulted in the most consistent counting outcomes15.

Since this convention was used with respect to counting particles known to have 
originated in a setting where asbestos was commercially in use and where the primary 
elongated particles present could reasonably be assumed to be asbestos, this • 
convention, which does not require the analyst to identify asbestos, made sense in that 
setting. In the 1970s, the approach was adopted by the federal governments in both 
countries for the limited purpose of estimating asbestos exposures in occupational 
settings, where typically asbestos fibers were known to exist in significant quantities. 
Phase contrast microscopy has continued to be the method of choice for the
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measurement of occupational exposure to asbestos because it is inexpensive and can be 
performed quickly on-site.

However, it is widely recognized that this traditional counting approach is wholly 
inadequate to identify asbestos fibers in other environments where elongated particles 
may or may not be asbestos. The main disadvantage of the approach is that it does not 
positively identify asbestos fibers, which requires polarized light and/or electron 
microscopy coupled with the analyst's knowledge and practical experience utilizing 
these tools to identify minerals. In addition, because the PCM method is unable to see 
fibers that are less than about 0.2 um in diameter, in some cases substantially more 
asbestos fibers may be present than are actually counted by the method. This is also 
true with the PCME methods since, even though the methods use the electron 
microscope, they also use the simplistic PCM counting criteria.

The conventional counting method is particularly inadequate to identify asbestos fibers 
in the context of NOA where particles are collected from the ambient, natural 
environment, such as in El Dorado Hills. There are simply too many non-asbestiform 
amphibole particles that fit the 5 um, 3:1 definition in such an environment. In these 
circumstances, the failure to accurately identify and estimate the presence of asbestos 
fibers, and! thus to accurately estimate potential human exposure, can have disastrous 
consequences. Overestimations can result in unwarranted public panic and costly 
remedial actions, as well as associated adverse consequences for local economic 
activities. More importantly, underestimations can result in failures to protect public 
health adequately. Both errors adversely impact our understanding of asbestos and 
general fiber risk and therefore do not serve the best interest of anyone.

Thus, the conventional method for counting asbestos fibers, while perhaps adequate in 
the occupational setting for which it was devised, is severely inadequate for use in 
evaluating risks from NOA (or indeed, risks from asbestos exposures in other non- 
occupatiohal environments, such as on city streets from tires, for example).

There is not a divergence of opinion within the scientific community about the 
appropriate methods for identifying asbestos. The fact is that current analytical 
methods were designed to measure commercial asbestos in relatively simple matrices 
not in ambient mixed dust environments. Blindly using existing methods without 
applying y/hat is known about asbestos mineralogy and morphology is inadequate to 
assess risk, and in some cases, inflates risk. NSSGA’s only goal is to work with Region 
9/EPA to produce an accurate protocol for identifying and assessing NOA risks.

Dr. Berman's Evaluation Confirms Inadequacy of Region 9's Approach in El Dorado 
Hills
The NSSGA, shares EPA's deep concern about the health effects of naturally occurring 
asbestos (NOA). The NSSGA wants to insure that the American public receives the best
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available, most accurate and scientifically sound information on which to base 
responsible public health and policy decisions. In continuing pursuit of that objective, 
the NSSGA commissioned Dr. D. Wayne Berman, one of the nation's premier asbestos 
risk assessors, especially as it pertains to mixed dusts in natural environments, to 
examine the May 2005 EPA Region 9 El Dorado Hills Study and to address the health • 
risk issues.

Based on his extensive experience in assessing asbestos risks in both commercial 
asbestos and NOA environments, Dr. Berman is eminently qualified to review the EPA 
El Dorado Hills Study. Dr. Berman's relevant expertise in this area includes design 
and/ or management and oversight of the original EPA risk assessments of the Atlas 
Mine Site, Coalinga Mill Site, Clear Creek Management Area, Diamond XX Site, and the 
Southdown Quarry. He also contributed to the EPA work at Libby, MT. Dr. Berman 
has also conducted assessments of asbestos-related risks at the Johns-Manville 
Waukegan Facility, the Klamath Falls - North Ridge Estates Site, the 3rd Street Light Rail 
Project Site for the City of San Francisco, and other sites around the country. Dr. 
Berman has also served as the sole non-gOvemment member of the National Asbestos ■ 
Task Force for the EPA, where he developed a set of mutually consistent methods for 
determining asbestos concentrations in environmental media that are unique because 
results can be related to risk. These methods have been published by EPA as interim 
EPA Superfund Methods. Most importantly> Dr. Berman pioneered an approach for the 
evaluation of asbestos-related risks that was reviewed favorably in 2003 by eleven 
nationally recognized asbestos experts. Dr. Berman's report33 on El Dorado County is 
provided as an attachment to this letter.

One of the main findings of the Berman report is "that the [EPA-proposed] approach 
[for assessing risk in El Dorado County] may not be as well established by precedent as 
the approaches that the Agency commonly employs for other hazardous materials." 
Thus, in order for EPA to effectively protect public health, NSSGA believes it is 
imperative that EPA conduct a thorough review, of its asbestos risk assessment 
approach because, if the EPA approach is applied uniformly to mixed dust 
environments, it will be less protective of public health than other approaches already 
available (e.g. the Berman Crump Protocol). The Berman Crump Protocol accounts 
adequately for the differences between cleavage fragments and asbestos due primarily 
to the size range of the risk fibers as explained in detail in the attached report by Dr. 
Berman.

Some of the key findings from Dr. Berman's report are:

The EPA approach at El Dorado does not satisfy two fundamental criteria that are 
essential for assuring that risk assessments are reliable, namely:
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9 exposure concentrations determined in terms of the PCMe metric used by 
EPA in El Dorado County are not directly comparable to the PCM-based 
exposures evaluated in the epidemiology studies used to derive the risk 
factors in IRIS (Current).

o The PCMe exposure metric has been shown not to remain reasonably 
proportional to risk across different exposure environments, especially 
mixed dust environments like El Dorado Hills.

Dr. Berman points out that EPA is citing IRIS as the comparison basis for exposures in 
El Dorado‘Hills yet the minimum width of fibers defined for PCMe structures in IRIS is 
twice the minimum width of fibers defined in the ISO analytical method employed in 
the study. IRIS further indicates that the correlation between PCM and TEM fiber 
counts is "highly uncertain." This inconsistency with IRIS makes the approach 
proposed by Region 9 even more problematic with respect to El Dorado Hills.

The NSSG A has obtained and photographed bulk asbestos samples that are examples of 

the source of exposures in the various epidemiological studies used in the EPA IRIS risk 
assessment. These photographs, first shown optically and then by digital SEM, are 
attached. Figure la is an optical image of chrysotile asbestos grade 3, which was typical 
for use in asbestos textile manufacturing, and Figure lb is the same material shown 
under SEM. Figure 2a is an optical image of chrysotile asbestos grade 4, which was 
typical for asbestos insulation and asbestos cement pipe manufacturing. Figure 2b is the 
same material shown under SEM. Figure 3a is an optical image of chrysotile asbestos 
grade 7 which was typical for asbestos used in friction parts and asbestos containing 
gaskets and is noticeably less "pure" than grades 3 and 4. Figure 3b is the same 
material shown under SEM. Figure 4a is an optical image of raw Quebec chrysotile 
asbestos ore, which clearly shows significant quantities of rock fragments mixed with 
the asbestos fibers. The epidemiological studies whose workers were exposed to this 
mixed dust environment were excluded from IRIS and OSHA's risk assessment

H
calculations. Figure 4b is the same material shown under SEM. Finally Figure 5a is an 
optical image of the El Dorado soil obtained from the EPA split samples. Figure 5b is 
the same material shown under SEM. It is readily apparent that the soil sample is in no. 
way comparable to the IRIS excluded chrysotile ore sample (Figure 4), and it is even 
much less comparable to the samples that represent the source material for the studies 
included in EPA's IRIS risk assessment (Figures 1 - 3). EPA Region 9's proposal to 
apply the IRIS risk assessment factors to the El Dorado Hills data is clearly not 
appropriate based simply on an examination of the photographs, however, the 
multitude of other factors pointing to the absence of asbestos (i.e. aluminum content, 
extinction angle, dimensional characteristics and asbestiform morphological properties) 
make this even more unreasonable.
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Dr. Berman also demonstrates that PCM/PCMe ratios used in risk assessment over the 
past 20 years have not been uniform and that it does not appear that these approaches 
have been subjected to formal peer-review at EPA. Studies of the PCM/PCMe 
exposure metric's ability to predict risk have been formally tested and have been shown 
to provide a statistically significant lack o f fit among relatively "pure" asbestos 
exposures. It is highly likely that the fit would be even worse with a mixed dust 
environment like El Dorado Hills.

One of the most important observations discussed in the attached report by Dr. Berman 
is that prior to the current EPA study- in El Dorado Hills, the Berman Crump Protocol ' 
consistently provided higher estimates of risk at sites where amphibole asbestos was a 
contributor.to exposure than either IRIS or other traditional EPA approaches. When 
applied to the EPA study of El Dorado Hills, however, this appears not to be the case. 
This strongly suggests something is radically different about the locations tested in El 
Dorado Hills when compared to every known asbestos environment that has been 
previously modeled using the Berman Crump approach.

The NSSG A, and an extremely knowledgeable group of mineralogists with decades of 
experience in asbestos mineralogy (Dr. Malcom Ross, Dr. Ann Wylie, Dr. Catherine 
Skinner, Dr. Art Langer and John Addison - CVs attached), are of the opinion that the 
lack of consistency with the historical trends in the relative risk estimated using various 
approaches is because there was essentially no asbestos in the samples collected in the 
EPA study of El Dorado Hills34-35'36-37'38.

Five Asbestos Mineralogists with Decades of Experience Confirm the RI Lee Group 
Conclusions
Asbestos is known to be present in the El Dorado Hills area. In fact, RJ Lee Group 
found amphibole asbestos some 200 yards from the EPA test site. The issue here is that 
there was little to no asbestos present in the samples collected by EPA in their study.

EPA's Selected Method
Lab/ Cor indicated that .it used ISO 1031239 when analyzing samples collected in El 
Dorado Hills. This method is based on the traditional counting approach, counting 
fibers longer than 5 um, but uses a longer aspect ratio (5:1 instead of 3:1). However, as 
documented in the RJ Lee Report, Lab/Cor used the conventional 3:1 ratio to count 
asbestos fibers for the El Dorado Hills analysis, even though it did not report this 
modification on its laboratory reports.

Use of historical counting convention, to identify asbestos when examining mineral 
particles of unknown origin, is a wildly inexact science. Lab/Cor's substitution of the 
3:1 ratio rather than the 5:1 ratio mandated in the ISO standard is particularly 
disturbing in this case, since ISO 10312, as the standard states itself, cannot distinguish 
between asbestos fibers and non-asbestos particles at a 5:1 aspect ratio, let alone an even
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less discriminating 3:1 aspect ratio. Thus, using ISO 10312, combined with an over- 
inclusive aspect ratio, necessarily results as the Rj Lee Group analysis demonstrates, in 
inflated reported asbestos concentrations.

Aluminum Content of Particles are Not Characteristic of Asbestos 
The RJ Lee Group looked at the electron dispersive x-ray analyses (EDXAs) that 
Lab/Cor had performed on a representative sampling of amphibole (actinolite) 
particles, and found that the detailed mineralogical analyses showed that 63% of the 
reported amphibole actinolite particles Lab/Cor identified as asbestos fibers contain too 
much aluminum to be asbestos (i.e., they contained more than 1.5 percent aluminum). . 
It is well-established in the scientific literature that particles classified as amphibole 
asbestos contain only trace quantities of aluminum since the amount of aluminum in 
the mineral's formation stage influences whether an amphibole mineral develops the 
asbestiform growth habit9'40'41. Because a fiber is composed of highly aligned chemical 
units, there is no room to accommodate larger atoms such as aluminum, and the 
presence of too much aluminum will result in structural changes that cause prismatic 
crystals (i.e., the non-asbestiform habit) rather than the characteristic bundle of fibrils 
(asbestiform growth habit) necessary for the minerals that are regulated and defined as 
asbestos to develop.

Three mineral scientists, who have decades of experience in asbestos mineralogy, peer- 
reviewed the RJ Lee Group analysis and all noted that the reported aluminum levels of 
the particles in the El Dorado Hills study were inconsistent with Lab/Cor's identifying 
the particles as asbestos. Dr. Ann G. Wylie, a nationally recognized mineralogical 
expert, stated that the amount of aluminum present in many of the elongated particles 
identified as asbestos is too high for these particles to be asbestos. Dr. Wylie, along with 
Jennifer Verkouteren (a mineral scientist at the National Institute of Standards and ' 
Technology), is the author of research published in the American Mineralogist in 2000, 

which completely analyzed 103 members of the amphibole series and found that the 
total amount of aluminum in atoms per formula unit for samples of asbestos was less 
than 0.3.

Similarly, Dr. Arthur Langer, a world-recognized asbestos mineralogist with extensive 
publications on NOA issues, and Dr. Malcolm Ross, retired USGS mineralogist 
specializing in asbestos, both stated that that the high aluminum content of the 63% of 
particles Lab/Cor identified as "actinolites" should be classified, using established 
mineralogical nomenclature, as common hornblende cleavage fragments because they 
had greater than 0.5 aluminum pfu.

The RJ Lee Group also analyzed the aluminum content of splits of 23 soil samples 
collected from areas where EPA's activity-based sampling had indicated elevated 
asbestos fiber concentrations. They found that the amphibole minerals present in the 
soil samples, just as in the samples taken from air filters, contained elevated levels of
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aluminum consistent with hornblende and non-asbestiform actinolite rather than 
asbestos.

Dr. Catherine Skinner, a Yale mineralogist with extensive experience in asbestos, and 
Mr. John Addison, noted asbestos mineralogist in England, both reviewed the RJ Lee 
Group conclusions and generally confirmed them as well.

Extinction Angles of Particles are Not Characteristic of Asbestos
The RJ Lee Group analysis also found that the reported extinction angles for the soil 
samples EPA's contract laboratory identified as asbestos are inconsistent with asbestos 
fibers. TEM Asbestos Laboratories, also an EPA subcontractor, had analyzed the soil 
samples using polarized light microscopy (PLM) and concluded that the amphibole 
content was consistent with actinolite asbestos. However, the subcontractor also 
reported that the amphibole actinolite particles reported as asbestos in the soil samples 
had a reported extinction angle of 12 degrees. Noting that extinction angles above 10 
are an intrinsic property of non-asbestiform cleavage fragments, whereas amphibole 
asbestos displays an extinction angle that is normally less than 10 degrees, the RJ Lee 
Group concluded that the amphibole particles reported in the soil samples cannot be 
asbestos. This conclusion was also consistent with lack Of any asbestiform mineral habit 
morphology (fibrillar bundling) in the soil samples.

Dr. Wylie's peer-review confirmed this conclusion, stating that "The conclusion of the 
report that an extinction angle of 14 degrees is too large for asbestos is consistent with 
the findings Jennifer Verkouteren and I published in American Mineralogists in 2002, in 
an article entitled "Anomalous optical properties of fibrous tremolite, actinolite, and 
ferro-actinolite.... When oblique extinction is observed in asbestos fibers in the 
tremolite-actinolite-ferroactinolite series, it is less than 10 degrees." Dr. Ross concurred 
with this finding as well, stating "Asbestos fibers grow as bundles of fibers oriented 
randomly about the common crystallographic c-axis. As such, the bundles behave 
optically as an orthorhombic mineral with a c-axis extinction angle of zero degrees."

Particle Dimensions are Not Characteristic of Asbestos
Criteria for identifying asbestos fibers in airborne dust and other non-occupational 
environmental samples must recognize not only appropriate chemistry and optical 
properties but also the fact that aspect ratios of asbestos fibers are generally extremely 
large: generally from 20:1 or higher for fibers greater than 5 um in length. Indeed, 
EPA's "Method for the Determination of Asbestos in Bulk Building Materials," EPA 
Report NO. EPA/600/R-93/116 (NTIS/PB93-218576), July 1993 (updates and replaces 
interim version in 40 CFR 763, Subpart F, App A), defines the term asbestiform in part 
by stating that the asbestiform habit is generally recognized by "mean aspect [length to 
xiridth] ratios ranging from 20:1 to 100:1 or higher for fibers longer than 5 micrometers ... very 
thin fibrils, usually less than 0.5 micrometers in width."
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On the other hand, the far more common non-asbestiform crystal growth habit has 
distinctly different morphological characteristics30. In hand held specimens as well as 
microscopically, they appear as single crystal particles and, unlike asbestos fibers, 
particle width is dependent on length (i.e., the longest cleavage fragments are also the 
widest). Therefore they have a size range (length and width) that is distinctly different 
than asbestos fibers, there is no evidence of multiple crystals forming a single fiber 
bundle growing in parallel alignment (splayed ends, separation of the fiber), and they 
are brittle and therefore show little if any curvature as they break along cleavage planes 
rather than bend. Though these characteristics may be difficult to distinguish in the 
case of single, very small particle, they are unmistakable when observed on a 
population basis.

Understanding the nature of cleavage fragments is central to understanding any health 
risks posed by NOA: It is clear that amphibole minerals far more commonly exist in the 
non-asbestiform habit than in the asbestiform habit, and that they produce common, 
garden variety cleavage fragments when broken down. Further, mineral science tells us 
that once asbestos is formed in its unique crystal growth habit, it cannot form cleavage 
fragments. Conversely, cleavage fragments cannot be made into asbestos by any form 
of manipulation including weathering. Cleavage fragments are regarded by mineral 
scientists as distinctly different from asbestos fibers due to the marked difference in 
crystal growth of the two habits (fibrillar structure, strength or flexibility, particle 
dimensions, how they further break down, etc.). The key distinctions cannot be altered. 
Even though some cleavage fragments can be found with aspect ratios greater than 3:1, 
cleavage fragments are not asbestos at any size.

The distinction between asbestos fibers and cleavage fragments has been incorporated 
in most asbestos regulatory policy as well. Since at least 1984, as stated in a report on 
non-occupational exposure to asbestiform minerals commissioned by the National 
Research Council14, cleavage fragments have been categorized as distinctive from 
asbestos fibers: "CLEA VAGE refers to the preferential breakage of crystals along certain 
planes of structural weakness. ... A mineral zoith txvo distinct cleavage planes will preferentially 
fracture alor^g these planes and will produce ACICULAR fragments. Minerals with one 
cleavage plane produce PLATY fragments and those with three or more cleavage planes yield 
POLYHEDRAL fragments.... Cleavage cannot produce the high strength andflexibility of 
asbestiform fibers." This critical and clear distinction has been extensively explained, 
graphically shown and photographed in the scientific literature.

Dr. Wylie and Dr. Langer in their review of the RJ Lee Report again confirm that the 
dimensions of the elongated particles identified as asbestos fibers by Lab/Cor are not 
consistent with the conclusions of years of mineralogical research on the dimensions of 
asbestos particles. "Asbestos populations have distinct and unambiguous dimensional 
characteristics that are readily distinguished from populations of cleavage fragments," 
Dr. Wylie states. Both Wylie and Langer point out that Lab/Cor reported that 96% of
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the El Dorado Hills Study particles that were longer than 5 um have widths greater than
0.5 um and that these dimensions are not consistent with a population of asbestos 
fibers. Particle size (especially when applied on a population basis) is an effective way 
to help distinguish asbestos from non-asbestiform, but it is not the only indicator.
Other asbestos fiber properties also influenced by the asbestiform growth habit such as 
fiber extinction angle, fiber defect characteristics, evidence of fiber bundling and 
curvature can also be used to help make the distinction.

EPA's Mineralogical Expert's Use of Mineralogical Anomalies and Exceptions as 
General Rules for Asbestos Identification
Mr. Gregory Meeker, a geologist and electron probe analyst at USGS, serves as EPA's 
asbestos mineralogy expert. Mr. Meeker's use of mineralogical curiosities and 
exceptions to common asbestos mineralogy in his attempt to characterize the findings in 
the El Dorado Study as being consistent with asbestos mineralogy is more 
comprehensively addressed by RJ Lee Group's submission to EPA's original request 
and its response to the EPA April 20th formal critique of the RJ Lee Group Report, 
however, the NSSG A believes it is very important to highlight an example of this point.

Mr. Meeker42 has characterized the NIST tremolite/actinolite standard 1867a as the 
"gold standard" by which asbestos can have more aluminum than what is cited in the 
literature or an inclined extinction angle in polarized light microscopy - just like 
cleavage fragments of these minerals. The NIST standard is in fact a mixture of asbestos 
and cleavage fragments of the same mineral as is clearly stated on the NIST certificate43 
that accompanies each and every vial of the standard. Meeker cites the information 
pertaining to the cleavage fragment portion of the NIST standard as if it was 
characteristic of the asbestiform portion of the standard. The aluminum and extinction 
angle parameters are but two facets in the analysis of asbestos along with parallel sides, 
the presence of bundles, very thin fibers, very high aspect ratios, splayed ends and 
curved fibers to name several. The particles measured and analyzed in the EPA El 
Dorado study lacked all of these characteristics of asbestos along with having too much 
aluminum and particles with an inclined extinction angle making the "asbestos" found 
in the samples the most unique asbestos thus far encountered in mineralogical science 
since they have no classically recognized asbestos properties.

EPA Region 9's Inclusion of Cleavaee Fragments in its Asbestos Definition is 
Unprecedented for a US Enforcement Agency
EPA Region 9 has also maintained that, for purposes of risk assessment, there should be 
no distinction between cleavage fragments and asbestos fibers. However, the 
differences between cleavage fragments and asbestos are widely recognized by various 
agencies of the U.S. government and the intention to regulate rock fragments as 
asbestos has been consistently rejected as noted below:
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•. "OSHA also reviewed available relevant evidence concerning the health effects of 
non-asbestifbrm tremolite, anthophyllite, and actinolite and examined the 
feasibility of various regulatory options. Based on the entire rulemaking record 

, before it, OSHA made a determination that substantial evidence is lacking to 
conclude that non-asbestiform varieties of asbestos minerals present the same type 

- of magnitude of health effect as asbestos." (OSHA, "Final Rule: Occupational 
Exposure to Asbestos, Tremolite, Anthophyllite, and Actinolite," 57 Fed. 
Reg. at 24310.)

• “In the asbestiform habit, mineral crystals grow forming long, thread-like fibers. 
When pressure is applied to an asbestos fiber, it bends much like a wire, rather 
than breaks. ... In the non-asbestiform habit, mineral crystals do not grow in 
long thin fibers. They grow in a more massive habit. For example, a long thin

! crystal may not be polyfilamentous nor possess high tensile strength and 
flexibility, but may break rather than bend. When pressure is applied, the non- 
asbestiform crystals fracture easily into prismatic particles, ivhich are called 
cleavage fragments because they result from the particle's breaking or cleavage, 
rather than the crystal's formation or grotvth. ... Cleavage fragments are not 

> asbestiform and do not fall within our definition of asbestos." (Mine Safety and 
Health Administration (MSHA), "Asbestos Exposure Limit" Proposed 
Rule, Notice of Public Hearing, 70 Fed. Reg. 43590,43593, July 29,2005.)

• "The optimal exposure index that best reconciles the published literature assigns 
equal potency to fibers longer than 10 pm and thinner than 0.4 pm and assigns 
no potency to fibers of other dimensions." (EP A, Final Draft: Technical 
Support Document for a Protocol to Assess Asbestos-Related Risk. 
(Berman and Crump Protocol) Prepared for Office of Solid Waste and 
Emergency Response, September 4,2001 updated in 2003; Executive 
Summary, p. 1.4)

• "As your letter indicates, the AHERA definition of asbestos is 'the asbestiform 
i varieties of: chrysotile (serpentine); crocidolite (riebeckite); amosite

(cummingtonite-grunerite); anthophyllite; tremolite; and actinolite.' This is also 
the definition used in EPA's National Emission Standards for Hazardous 
Pollutants (NESHAP) Asbestos Regulations. EPA does not regulate the non- 
asbestiform varieties of these materials." (Letter from Diane Sheridan, Chief 
of Abatement Programs Section, EPA, to John Kelse, R.T. Vanderbilt 
Company, Inc., August 28,1992.) •

• “This examination [of play sand sample] found fragments of non-asbestiform 
tremolite, but did not find tremolite asbestos. Some of the non-asbestiform 
tremolite cleavage fragments may appear, under some microscopy techniques, to 
fit a definition of "fiber" used by the Occupational Safety and Health 
Administration., The staff has conducted a review of the available information on
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non-asbestiform tremolite and concludes that there are no definitive animal or 
human studies demonstrating that non-asbestiform tremolite presents a health 
hazard." (U.S. Consumer Product Safety Commission, Briefing Package 
of the CPSC Office of the Secretary on a Petition to Ban Play Sand with 
Non-Asbestiform Tremolite, October 26,1988, Executive Summary 
paragraphs 3 & 4.)

In summary, please see the detailed response of the R. J. Lee Group for the technical 
information requested in your letter of March 9th and comments included in your April 
20 report as well as the Dr. Wayne Berman report on the health concerns associated 
with the EPA approach to El Dorado Hills.

NSSGA believes there is an urgent need for an unbiased, independent and 
comprehensive review of the science around the definitions and measurement of NOA. 
NSSGA looks forward to working cooperatively and productively with EPA towards 
achieving this goal and believes that debating this complicated science in the media is 
unproductive and a disservice to the public. With this review, the various stakeholders, 
including other federal and state agencies, can proceed with an accurate standardized 
risk assessment method to ensure that public health is protected. The successful model 
for such a review can be taken from the work of previous asbestos-related working 
groups enlisted by the Health Effects Institute or the National Academy of Sciences and 
we urge EPA headquarters to commission an independent review with one of these two 
■organizations as expeditiously as possible.

cc: Mr. Michael Cook
Dr. George Gray 
Dr. Gerald Hiatt 
Dr. Stephen Johnson 
Mr. Wayne Nastri

Respectfully Submitted,

William C. Ford 
Senior Vice President
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Figure la. Optical Image of Chiysotile Grade 3 (textile.grade).

Figure lb. SEM Image of Chiysotile Grade 3 (textile grade).



Figure 2a. Optical Image of Chrysotile Grade 4 (insulation/cement pipe grade).

Figure 2b. SEM Image of Chrysotile Grade 4 (insulation/cement pipe grade).
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Figure 3a. Optical Image of Chrysotile Grade 7 (friction parts grade).



1.0 mm

Figure 4a. Optical Image of Chrysotile Ore (Quebec chrysotile miner exposure).

Figure 4b. SEM Image of Chrysotile Ore (Quebec chrysotile miner exposure).



Figure 5a. Optical Image of Eldorado Hills EPA Soil Sample.
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ABSTRACT
Amphiboles are hydrated mineral silicates five of which occur in asbestiform habits as asbestos [grunerite 
(amosite) asbestos, riebeckite (crocidolite) asbestos, anthophyllite asbestos, tremolite asbestos and actinolite 
asbestos] and non-asbestiform habits (grunerite, riebeckite, anthophyllite, tremolite and actinolite). The 
asbestiform varieties are characterized by long, thin fibers while non-asbestiform varieties such as cleavage 
fragments form short fibers with larger widths. The US regulatory method for counting asbestos fibers 
(aspect ratio >3:1, length > S pm) does not distinguish between asbestos and cleavage fragments. The method 
biases toward increased counts of non-asbestiform cleavage fragments compared to long, thin asbestos fibers. 
One consequence of this regulatory approach is that workers can be erroneously classified as exposed to 
concentrations of asbestos (asbestiform amphiboles) above the U.S. O.ltfmL exposure standard when in fact 
they are not exposed to asbestos at all but non-asbestiform amphibole cleavage fragments. Another 
consequence is that the known carcinogenic effects of asbestos may be falsely attributed to non-asbestiform 
amphibole cleavage fragments of the same mineral. The purpose of this review is to assess whether 
amphibole cleavage fragments pose the same risk of- lung cancer and mesothelioma characteristic of 
amphibole asbestos fibers.

We identified three groups of workers exposed to non-asbestiform amphiboles: two groups exposed to 
grunerite (Homestake gold miners and taconite miners) and one group exposed to industrial talc containing 
non-asbestiform tremolite and anthophyllite in St Lawrence County, NY. In addition to assessing strength of 
association and exposure-response trends in the non-asbestiform amphibole cohorts, comparisons were also 
made with cohorts exposed to the asbestiform counterpart (positive control) and cohorts, exposed to the 
mineral (e.g. talc) that does not contain amphiboles (negative controls).

The cohorts exposed to non-asbestiform amphiboles had no excesses of lung cancer or mesothelioma. Similar 
results were observed in the negative control groups, in stark contrast to the excess risks of asbestos-related 
disease found in the asbestos cohorts. The only possible exception is the two-fold increased risk of lung 
cancer where exposure was to industrial talc containing cleavage fragments of tremolite and anthophyllite. 
However, this risk is not considered attributable to the talc or amphibole cleavage fragments for several 
reasons. A similar increased risk of lung cancer was found in Vermont talc workers, studied in the same time 
period. Their exposure was to relatively pure talc. There was no relationship between lung cancer mortality 
and exposure measured as mg/m3-years and years worked. A case-control study reported that all the lung 
cancer cases were smokers (or former smokers) and attributed the excess to smoking. There were two 
mesothelioma cases among the NY State talc workers exposed to cleavage fragments of tremolite and 
anthophyllite, but talc is not a plausible cause because of too short latency and potential for previous asbestos 
exposure. The positive controls of tremolite asbestos and anthophyllite asbestos exposed workers showed 
excess risks of both lung cancer and mesothelioma and positive exposure-response trends. St Lawrence, NY 
talc does not produce mesotheliomas in animals while amphibole asbestos does. In sum, the weight of 
evidence fully supports a conclusion that non-asbestiform amphiboles do not increase the risk of lung cancer 
or mesothelioma.



INTRODUCTION

Asbestos is a generic term applied to a group of hydrated fibrous mineral silicates. Their 
asbestiform habit permits them to be easily separated into long, thin, flexible, strong fibers 
and ultimately fibrils (single fibers). Included are the asbestiform serpentine (chrysotile) 
and’ the asbestiform amphiboles, riebcckite (crocidolite) asbestos, anthophyllite asbestos, 
grunerite (amosite) asbestos, tremolite asbestos and actinolite asbestos. These minerals 
also crystallize with non-asbestiform habits, their counterparts being lizardite or antigorite 
(chrysotile), riebeckite, anthophyllite, grunerite, tremolite and actinolite respectively. 
Crystal habit is a description of the shapes in which a certain mineral is likely to occur, 
both in nature and when grown synthetically. Tremolite is a mineral in the tremolite-ferro- 
actinolite series that has fewer than 0.5 atoms of iron, and more than 4.5 atoms of 
magnesium per formula unit; actinolite has between 0.5 and 2.5 atoms of iron, and 2.5 
atoms of magnesium per formula unit; ferro-actinolite has more than 2.5 atoms of iron per 
formula unit with the balance being magnesium.

By*the early 1970’s, airborne concentrations of asbestos fiber were being measured using 
“the membrane filter phase contrast method (PCM)”. In many countries, including the 
U.S.A., this method was adopted for the regulatory control of asbestos. Fundamental to the 
method was the definition of a fiber as an elongated particle having a length: breadth ratio 
(aspect ratio) of at least 3:1 and a minimum length of 5 micrometers (pm). Such a 
definition does not allow the microcopist to distinguish between asbestos fibers and non
asbestos amphibole particles. Consequently, in work environments where there exist many 
elongated particles meeting the PCM fiber definition, they are counted as if they are 
“asbestos” even if they are neither asbestos minerals nor even amphiboles. This results in 
concern by workers and health professionals about health risks and potential economic 
impacts for companies mining ore deposits where amphibole minerals are present. This is 
because the amphiboles have cleavage planes such that when they are crushed they 
produce elongated prismatic particles called cleavage fragments.

All amphiboles that were once exploited commercially as asbestos have non-asbestiform 
counterparts. Hence, workers in industries where amphibole cleavage fragments are 
present, but not asbestos, are often erroneously reported as being exposed to asbestos based 
on current regulatory counting strategies and protocols. On the other hand, the evidence 
concerning the health consequences of exposure to cleavage fragments has never been 
widely understood. Industries involving exposure to cleavage fragments should not be 
exempt from similar controls to the asbestos industries, if elongated particles meeting the 
PCM definition of fibers pose qualitatively and quantitatively the same levels of health risk 
a$itheir asbestiform counterparts. However, if cleavage fragments pose no or a lesser risk 
than the asbestos minerals, they should be regulated accordingly.

The purpose of this paper is to compare, as far as possible, the cancer risks (lung cancer 
and mesothelioma) for workers exposed to airborne amphibole cleavage fragments with



those associated with exposure to amphibole analogues that formed asbestos fibers. 
Pneumoconiosis risk will not be compared because some of the minerals associated with 
the amphibole cleavage fragments are recognized in their own right as causing lung 
fibrosis (e.g.: talc and crystalline silica). However, pneumoconiosis is sometimes used to 
assess whether exposure is high enough and latency long enough to detect carcinogenic 
risk and to. evaluate the exposure response.



METHODS

The extent to which the carcinogenic risks of exposure to cleavage fragments differ from 
those associated with exposure to asbestos was examined in several ways.

The potential of particles to cause health effects depends on the characteristics of the 
particles (e.g.: size, shape, respirability, solubility, toxicity, carcinogenic potential), the 
level and duration of exposure as well as host and other factors. It is important to 
determine whether amphibole cleavage fragments differ sufficiently from asbestos fibers 
for; them to pose different levels of health risk than their asbestos counterparts. To do this 
requires examination of the characteristics of the particle such as dimensions, shape and 
density that influence fiber respirability, and fiber dimensions and biopersistence that 
influence carcinogenicity.

Mesothelioma and liing cancer are the health endpoints examined for comparison of the . 
relative effects of non-asbestiform and asbestiform amphiboles. Mesothelioma is 
considered the more important indicator because it is both more specific and perhaps more 
sensitive than lung cancer. Mesothelioma is a rare cancer that acts as a marker or “signal” 
tumor, which is primarily associated with exposure to amphibole asbestos and has occurred 
in some situations after what appears to be exposure at quite low concentrations. Lung 
cancer is more subject to being caused by confounding exposures such as smoking, which 
is the primary cause of lung cancer. Thus while lung cancer might be caused by asbestos, . 
it is an effect that is not specific to asbestos exposure.

If smoking prevalence is not known, the effects of dust exposure and smoking in the 
occurrence of lung cancer cannot readily be distinguished. Mesothelioma is a more 
sensitive and specific indicator of amphibole asbestos exposure than lung cancer in that 
pleural mesothelioma may occur following what are ostensibly brief exposures (Roggli 
1990) and up to 80% of the cases in males may. be associated with asbestos exposure (Price 
and Ware 2004). The exposure-response curve is thought to be non-linear for both 
mesothelioma and lung cancer. While the shapes of relationships are still subject to debate, 
pleural mesothelioma has been reported to increase less than linearly with cumulative dose. 
For peritoneal mesothelioma the risk is thought to be proportional to the square of 
cumulative exposure while for lung cancer the exposure-response lies between linear and 
square of cumulative exposure (Hodgson and Damton, 2000). As some mesothelioma 
have been reported to occur after relatively low and perhaps brief exposures one might 
anticipate that if amphibole cleavage fragments act like asbestos in causing mesothelioma 
there might be some cases even if cleavage fragment exposures were low. For 
mesothelioma to be attributed to amphibole cleavage fragments the time since first 
exposure must be more than about 20 years and there should be no previous exposure to 
asbestos or other confounding etiological factors.

The mortality from lung cancer and mesothelioma are compared to that expected in age- 
and sex-adjusted external populations. The comparison measure is the standardised



observed / expected mortality ratio or Standardized Mortality Ratio (SMR). When the 
incidence of lung cancer and mesothelioma are compared to that expected in age- and sex- 
adjusted external populations, the comparison measure is the standardised 
observed/expected cancer incidence ratio or Standardized Incidence Ratio (SIR). External 
comparisons for assessing lung cancer risk have inherent limitations such as differences in 
smoking and lifestyle between the study population and the external referent population. It 
is generally not feasible to adjust for these differences. An SMR less than 1.5 or a 
statistically nonsignificant SMR is suggestive, but not conclusive, of no association. A 
deficit in the lung cancer SMR could be due to exposure levels below a no-effect threshold, 
or a few highly exposed workers diluted by many workers with low exposure, or negative 
confounding due to a low prevalence of smoking. A nonsignificant SMR might be due to 
the small size of the study population and the low power of the study to detect significant 
differences. Similarly, a positive finding of lung cancer could be due to differences in 
smoking prevalence between the study and reference populations rather than exposure to 
non-asbestiform amphiboles.

For mesothelioma, external comparisons using an SMR are often not possible because the 
expected number of cases is not known or not estimated: Therefore an internal 
proportional mortality ratio (PMR) is used to estimate risk of mesothelioma. PMR’s have 
their limitations which must be taken into account when using them. For example, as a 
PMR can increase with length of follow-up of a cohort, attention must be given to the 
comparability of the follow-up period. Age differences in populations being compared are 
important as age determines the nature of diseases from which people die as well as the 
frequency of death. The ratio with total deaths to some extent adjusts for both differences 
in follow-up and age. Era of death may be important because of diagnostic trends. Never- 
the-less, comparison of PMRs between non-asbestiform amphibole-exposed and asbestos- 
exposed populations is a useful way to examine the question of whether non-asbestiform 
amphiboles cause cancer at the same rates as asbestiform amphiboles.

The actual measured risks of lung cancer and mesothelioma in persons exposed to 
amphibole cleavage fragments is compared to workers exposed to asbestiform amphiboles 
as follows: •

• The lung cancer and mesothelioma experience of workers exposed to 
amphibole cleavage fragments is compared with the experience of workers 
exposed to their asbestiform equivalents. There are three main ore bodies 
containing non-asbestiform amphiboles where epidemiological studies have 
been conducted. These are a gold mine in South Dakota (grunerite- 
cummingtonite exposure), tacoiiite mines in Minnesota (grunerite and other 
non-asbestiform amphiboles) and a talc mine in St Lawrence County, New . 
York State (transition minerals, non-asbestiform anthophyllite and tremolite). 
Their experience was compared to that of workers exposed to asbestiform 
amphiboles. These “positive controls” were in amosite asbestos mines, mills 
and manufacturing facilities, anthophyllite asbestos mines and vermiculite



mines (exposed to winchite asbestos also known as soda tremolite asbestos). In 
this report, winchite asbestos from the vermiculite mine in Montana, will be 
referred to as “tremolite asbestos” as this has been the terminology used in the 
medical literature.
The mortality from lung cancer is examined in relation to estimated levels of 
exposure to “fibers” for workers exposed to asbestos and workers exposed to 
amphibole cleavage fragments. The existence of a positive gradient of 
increasing risk with increasing exposure after taking account of potential 
confounders would be good evidence that the cleavage fragments were posing 
an increased risk of lung cancer. A negative gradient would be strong evidence 
against a causal association. The presence or absence of an exposure-response 
gradient is among the strongest evidence for or against a lung cancer: 
association with cleavage fragment exposure because smoking is the major 
cause of lung cancer and rarely, if ever, can external comparisons be fully 
adjusted for smoking.
The lung cancer and mesothelioma experience of workers exposed to dusts 

. from an ore-body containing amphibole cleavage fragments is compared with 
that of workers exposed to dusts from a similar ore-body which does not 
contain asbestos or amphibole cleavage fragments. This is called a negative 
control. If the experience of the amphibole cleavage fragment exposed workers 
were worse than that of the negative control (non-cleavage fragment exposed 
workers), this would be suggestive of an increased risk due to the presence of 
asbestos cleavage fragments.
In order to investigate this, the mortality for St Lawrence County talc miners is 
compared to that of talc miners where it is claimed amphiboles are not present.. 
Also, the mortality of iron ore miners exposed to taconite rocks-containing non- 
asbestiform grunerite and actinolite is compared to thait of miners exposed to 
iron ore (hematite) which does not contain amphiboles.
The biological plausibility of a difference in the potential of amphibole 
cleavage fragments to cause cancer compared to amphibole asbestos fibers was 
assessed by review of the results of toxicological studies involving asbestos and 
amphibole cleavage fragments. There is a clear pattern of an increased 
incidence of mesothelioma in animals exposed to amphibole asbestos. 
Observing a similar pattern for animals exposed to non-asbestiform amphiboles 
would be evidence supporting the hypothesis that non-asbestiform amphiboles 
pose a carcinogenic hazard similar to asbestos. The lack of an increased 
incidence of mesothelioma would be strong evidence against the hypothesis.



THE AMPHIBOLES

The crystallographic structure of amphiboles consists of double chains of silica tetrahedra. 
Their general chemistry incorporates (Si, Al)g C>22(OH)2. The amphibole group of minerals 
is made up of a number of mineral series. These series result from the substitution of 
different elements in the structure. For example tremolite and actinolite are part of a 
homologous series of minerals - tremolite-actinolite-ferro-actinolite with chemistry Ca2 

(Mg Fe) 5 Sis O22 (OH) 2. Actinolite is Ca2 (Mg4.s Feo.5) Sis O22 (OH) 2 - Ca2 (Mg2.sFe2.s) Sig 
O22 (OH) 2. Ferro-actinolite is Ca2 (Mg2.s Fe2.s) Sis O22 (OH) 2 - Ca2Fej Sig O22 (OH) 2. 
Actinolite with less than Feo.s would be tremolite.

In practice, these minerals can have a fairly wide range of composition within the broad 
range of substitutions possible'. The mineral names are defined where the ranges of the 
substituted elements fall within certain arbitrary boundaries.

Grunerite is a member of the mineral series cummingtonite-grunerite with chemistry (Mg, 
Fe) 7 Si8022 (OH) 2. As noted above, the asbestiform variety of grunerite is “amosite”. As 
with the tremolite-ferro-actinolite series, the minerals in this series may display a range of 
compositions.

Anthophyllite occurs as asbestos and in a non-fibrous form and is an end member of the 
anthophyllite-ferro-anthophyllite series, which is chemically (Mg Fe2+)7 Sig O22 (OH) 2. 
Anthophyllite is the name reserved for the orthorhombic Mg Fe amphibole where the ratio 
of Mg/ (Mg+Fe) is greater than 0.5; a lower amount of magnesium in the same type of 
amphibole requires the name ferro-anthophyllite.

Non-asbestiform riebeckite and crocidolite asbestos have the same chemistry which is Na2 

Fe32+ Fe23+ Sig022(0H) 2. Amphiboles exhibit prismatic cleavage, a property of nearly all 
samples of the amphiboles regardless of habit. There are two cleavage directions, both 
parallel to.the length of the double-silicate chains. Cleavage across the crystal is usually 
poor so that the fracture of amphiboles produces long rods or prisms and repeated cleavage 
produces thinner rods with a rhombic outline consisting of bundles of I beams (i.e.: 
structural units of the amphibole) (Skinner et al. 1988). The presence of twinning or chain 
width errors may results in an additional direction of weakness parallel to the length, 
enhancing the aspect ratio of cleavage fragments (Langer et al. 1991).



PROPERTIES OF ASBESTIFORM AND NON-ASBESTIFORM
AMPHIBOLES

While the chemical compositions of the asbestiform and non-asbestiform amphibole 
minerals are identical, the characteristics resulting from their differences in crystal habit 
ard significant. The properties of the amphibole asbestos minerals include fibrous habit 
with parallel fibers occurring in bundles, fiber bundles with split or splayed ends, fibers 
showing curvature and fibers with high tensile strength. The high tensile strength and axial 
nature of asbestos means the diameters of asbestos fibrils are largely unaffected by milling. 
On the other hand, the low tensile strength of non-asbestiform amphiboles means that 
milling can reduce both particle length and width. The asbestos fibers have good heat 
insulation qualities, low electrical conductivity, fire resistance, and suitability for weaving. 
AH asbestos minerals separate readily into long flexible fibrils with diameters less than 
about 0.5 pm and with aspect ratios (length: width ratios) ranging to well over 10,000 
(Rbss 1978).

In the hand specimen (that is a sample of the rock as it occurs in nature), the appearance of 
the non-asbestos minerals is distinctly different from that of the asbestos minerals. This 
difference persists when viewed by optical and electron microscopy where the non- 
asbestiform minerals appear as blocks, chunks or slightly elongated particles in contrast to 
the very evident fibrous nature of asbestos. The non-asbestiform counterparts tend not to 
grow with parallel alignment. The crystals normally fracture when crushed forming 
cleavage fragments, some of which may appear as acicular or needle-like crystals because 
of the way in which amphibole minerals cleave. These cleavage fragments have diameters 
which on average, are much larger than those of asbestos fibers of the same length. Some 
asbestiform tremolite fibers with the majority of fiber diameters exceeding 0.25 pm, tested 
by intra-peritoneal injection in rats were found to be highly carcinogenic (Davis et al. 1991 
Lee 1990). However, almost 70% of the fibers had aspect ratios greater than 10:1,42% 
greater than 15:1 and 25% had aspect ratios more than 20:1. This contrasts with the 
observations that only about 6% of the aspect ratios of cleavage fragments exceed 15:1.
The diameters of cleavage fragments appear to be rarely less than 0.25 pm (Table 1).

Fiber Diameters: The aerodynamic behavior of fibers is determined mainly by their 
diameter (Timbrell 1982). The majority of airborne asbestos fibers have diameters less 
than 0.25 pm making virtually all airborne fibers, respirable. In contrast, only very small 
percentages of non-asbestiform cleavage fragments have diameters less than 0.25pm 
(Table 1).

For the same length distribution, counting fibers by PCM will, based on fiber diameter 
differences, lead to higher counts of non-asbestiform cleavage fragments than asbestos 
fibers, because of their visibility by PCM. On the other hand, assuming the same density 
for fibers as for cleavage fragments, the respirability (i.e.: ability of particles to enter the 
alveolar regions of the lung) of the cleavage fragments will be less, that that of asbestos



fibers because of their larger diameters. Thus, the PCM method as presently formulated is 
more stringent for cleavage fragments than for asbestos fibers.

Fiber width is an important parameter determining'the potential for causing both lung 
cancer and mesothelioma. The characteristics of non-asbestiform fiber populations are 
contrary to the hypothesis of carcinogenicity, while the abundance of thin asbestos fibers’ 
supports the hypothesis (Wylie et al. 1993). The evidence from experimental animal 
studies indicate fibers > 1 pm show no dose-response relationship with tumor incidence 
(<30% of population of non-asbestiform fibers >5 pm long are < 1 pm wide). For fibers < 
1 pm (and > 5 pm long) there is an S-shaped dose-response curve with a threshold and . 
then rapid increase in tumor incidence as the number of thin fibers increases. In 

, populations of asbestos fibers >90% are < 1 pm wide and > 5 pm long. Fiber width is also 
a major factor determining access to the lung. Even long, thin fibers (such as 200 pm long 
or more) are respirable and are found in lung tissue, while respirability decreases as width 
increases. Wide diameter cleavage fragments are more likely to be deposited in the upper 
airways and never gain access to the lower lung to cause disease. The potential for 
asbestos fiber bundles to disaggregate into increased numbers of even thinner fibers in vivo 
is one of their hazardous features and is not a characteristic of non-asbestiform minerals.

While it has been argued that a major determinant of carcinogenic potential is decreasing 
fiber width (Wylie et al. 1993), the precise role of the single parameter, diameter in 
carcinogenesis is still not clear (Addison and McConnell this volume).

Fiber Length: While the majority of asbestos fibers are in fact short (less than 5pm) there 
are airborne amphibole fibers which exceed 100 pm in length. Complete particle size data 
(length vs. diameter) on distributions of airborne cleavage fragments and asbestos fibers 
are. extremely limited in number, making it difficult to compare length distribution 
differences. What data are available indicate that asbestos fibers are longer. For example, 
Dement et al. (1976) observed that the median length of “fibers” in the airborne dust in the 
South Dakota Homestake Gold mine was 1.10 pm as seen using scanning electron 
microscopy. This is less than the median length of airborne grunerite (amosite) asbestos 
fibers in South Africa mines and mills which were 1.83 pm and 2.53 pm respectively 
(Gibbs and Hwang 1980) and of grunerite (amosite) asbestos from a pipe insulation 
operation, 4.9 pm (Dement et al. 1976).

There is other evidence for a clear mineralogical difference between grunerite (amosite) 
asbestos and grunerite cleavage fragments. Virta et al. (1983) examined airborne particles 
of grunerite from the Homestake gold mine in South Dakota, particles of cummingtonite, 
hornblende and actinolite from the Peter Mitchell iron ore pit in Minnesota and particles of 
grunerite asbestos samples from a shipyard and an electric company. Hornblende is an . 
amphibole that is similar to the tremolite-ferro-actinolite series but with aluminum 
substituted for some of the iron-magnesium as well as for some of the silicon in order to 
maintain the stoichiometric balance. There were two distinct particle size distributions.
The non-asbestiform grunerite distributions from the mining sites were short, wide fibers



(average length to width equal to 4.6 pm x 1.1 pm and 5.5 pm x 1.2 pm). The amosite 
fibers from the industrial sites were longer and narrower (average length to width equal to 
8.2 pm x 0.4 jrm and 15.6 pm x 0.5 pm respectively). Although the populations of 
grunerite cleavage fragment and grunerite asbestos are distinct, at the submicroscopic level 
it may be very difficult to be certain about the specific identity of an individual particle and 
may be extremely difficult, if not impossible to distinguish asbestos and non-asbestiform 
particles among the small number of fibers where the two fiber population overlap, 
especially when the source of the fiber is unknown (Langer et al. 1979).

The New York State talc deposit has been extensively studied for its mineralogy and 
presence of fibers and cleavage fragments. Commercially important deposits of zinc, lead, 
talc and wollastonite are found in the Grenville Series of sedimentary rock in St Lawrence 
County of NY. Three zinc mines and eleven talc mines have been worked in the area 
between Balmat Comers and Edwards, NY, which are about 8 miles apart. All of these 
holdings contain some non-asbestiform treniolite, encountered as either a gangue mineral 
or component of the recovered ore. Anthophyllite and transitional metals have also been 
identified in variable amounts both between and within mines. We will refer to the NY 
state talc as St Lawrence County talc.

Campbell et al. (1979) note that 5-10% of the earth’s crust is amphiboles and therefore 
many mining industries have amphibole fragments in the gangue mineral tailings. There 
are at least 3 habits of non-asbestiform tremolite, none of which have the long, thin fibers 
characteristic of tremolite asbestos as shown in Table 2.

Long narrow fibers have been shown experimentally to be best capable of inducing 
mesothelioma when placed directly onto the pleura in experimental animals (Stanton et al. 
1981). As there are likely to be fewer long fibers and fewer narrow diameter “fibers” in 
the<case of exposure to amphibole cleavage fragments, compared to asbestos, it would be 
anticipated that'cleavage fragments would pose lower carcinogenic risk.

Aspect Ratios: Asbestos fibers have thin diameters and do not readily break transversely.
As 'a result, length/width ratios can be quite high. All “fibers” will by definition have 
aspect ratios >3:1. Around 30% of asbestos fibers will have aspect ratios >10:1 and nearly 
20% greater than 20:1. There were very few cleavage fragments with aspect ratios greater 
than 10:1 The common blocky variety of non-asbestiform tremolite had less than 2% in 
the >10:1 class. The acicular and fibrous habits had more particles in the range between 
10:|1 and 20:1 category than did the blocky variety, but none of the non-asbestiform 
varieties had more than 0.5% particles in the range between 20:1 and 50:1 and none had 
any particles >50:1 Nearly 90% of the blocky and acicular habits did not meet the 
regulatory definition of a fiber. If only fibers that meet regulatory dimensions are counted, 
1/100 of non-asbestiform particles have aspect ratios >20:1 while about 35/100 asbestiform 
tremolite particles have >20:1 aspect ratios (Table 2). A composite aspect ratio 
distribution reported in the Pictorial Atlas of Mineral Fibers (This Monograph) showed 
that for non-asbestiform particles with an aspect ratio of 3:1 or greater and length greater



than Sum, 6% on average exceed an aspect ratio of 15:1 and for asbestiform particles, 80% 
on average exceed an aspect ratio of 15:1. The 3:1 aspect ratio is used principally to 
eliminate particulates and fiber clumps and improve the precision and accuracy of fiber 
counts. It is not a defining characteristic of asbestos fibers (Langer et al. 1991).

Wylie et al. (1993) points out that aspect ratio is not a useful parameter for sizing as it is 
dimensionless, provides no information on width, shows no association with risk of 
disease, and therefore is of little use ip the discussion of risk or exposure.

Biopersistence: As far as we were able to ascertain, there have been no systematic studies 
of the biopersistence of cleavage fragments. It is known that for long amphibole asbestos 
fibers, the half-life is extremely long (Berry 1999). However, short fibers (i.e.: less than 20 
pm in length) can be removed from the lung by macrophage action (Allison 1973; 
Bernstein et al. 1994). For later phases of lung clearance, particle solubility is a key factor. 
In the absence of data, there is no basis for concluding that cleavage fragments will be 
removed any faster than asbestos fibers during that phase. However, because of their 
shorter lengths, cleavage fragments are much more likely to be removed more rapidly than 
amphibole asbestos fibers during the early lung clearance phase. This will reduce their 
potential for carcinogenic action.

Ilgren (2004) notes dissimilarities that make cleavage fragments much less biopersistent 
than amphibole asbestos fibers. Surfaces of cleavage fragments have a high density of 
surface defects, which are preferred sites for dissolution from intracellular acidic enzymes 
of phagocytic cells that have engulfed them. Amphibole asbestos fibers are smooth and 
defect free and highly acid resistant. Cleavage fragments are weak, brittle and inflexible 
because of there weak surface structure, which is further weakened by chemical 
dissolution. The tensile strength of amphibole asbestos fibers is 20-115 times greater than 
the non-asbestiform amphibole variety. This difference becomes greater as width 
decreases and biological relevance more pronounced. When long, thin biologically 
relevant cleavage fragments are deposited in the lung alveoli and engulfed by 
macrophages, the fragment begins to dissolve on all surfaces. They are already weak and 
inflexible and become thinner and weaker (greater surface area; more surface defects) with 
increasing susceptibility to chemical dissolution and breakage. The defect-free surface of 
the amphibole asbestos fiber is better able to resist acid attack. Many of the asbestos fibers 
are too long to be completely engulfed. Attempt at engulfment produce protein deposits 
that form an “asbestos body” and eventual death of the cell. In short, biopersistence is a 
characteristic of carcinogenesis. It is reasonable to conclude that cleavage fragments are 
likely to be far less bio-persistent than asbestos fibers.

Nolan et al (1991) compared activity of tremolite cleavage fragments with that of samples 
of tremolite-actinolite asbestos. For the same surface area, tremolite cleavage fragments 
had lower ability to alter the permeability of red blood cells than amosite and 
approximately the same membranolytic activity as anthophyllite and crocidolite. The 
surface charge of non-asbestos tremolite was about 70% less than asbestos analogues^



Schiller et al (1980) reported that asbestos fibers and cleavage fragments of the same 
dimensions had the same net negative surface charge. Short fibers and cleavage fragments 
have a smaller net charge than highly elongated particles.



COMPARISON OF THE RISK OF HEALTH EFFECTS IN PERSONS 
EXPOSED TO ASBESTIFORM AND NON-ASBESTIFORM

GRUNERITE

Grunerite Occurrence: Grunerite is the mineralogically correct name for amphiboles of 
the cummingtonite-grunerite series in which iron is at the 50% point in the 100 times Fe / 
(Fe+Mg)) ratio. Amosite (from the "Asbestos Mines of South Africa") is the commercial 
asbestiform product that was used in insulation and building materials. Grunerite asbestos 
is no longer mined.

The non-asbestiform variety of cummingtonite-grunerite (C-G) has no commercial use per 
se other than a aggregate but occurs in nature in conjunction with other asbestiform and 
non-asbestiform amphiboles and other minerals in ore deposits mined for other purposes.
In the USA, ore containing C-G has been mined in at least 2 locations. One location is the 
Homestake gold mine in Lead, SD, where gold had been extracted since 1876. The other 
location is Mesabi Range where taconite has been mined since the 1950’s and shipped to 
Silver Bay, Minnesota for extraction of iron. Because of its relationship to grunerite 
(amosite) asbestos, studies were initiated to determine if these minerals had similar 
pathogenicity. There have been four cohort studies of Homestake gold miners (Gilliam et 
al. 1976, McDonald et al. 1978, Brown et al. 1986, Steenland and Brown 1995) and two 
studies of taconite containing amphiboles; one of the Reserve iron deposit (Higgins et al. 
1983) and the other of the Erie-Minntac mine (Cooper et al. 1988,1992) (Table 3).

Taconite iron ore contains actinolite and cummingtonite-grunerite (probably predominantly 
grunerite). In 1973, elongated grunerite particles, said to be similar to grunerite (amosite) 
asbestos, were found in the Duluth, Minnesota water supply. The source was mine tailings 
from the process plant at Silver Bay, Minnesota (MN) serving the Peter Mitchell Pit. In a 
suit against the Reserve Mining Company, the US Environmental Protection Agency 
(EPA) claimed that some of the particles were asbestos. This finding initiated a series of 
studies to determine if there were effects on the Duluth residents (Cook et al. 1974,
Masson et al. 1974, Levy et al. 1976, Sigurdson et al. 1981). These studies of human 
health are not considered further because they are ecological studies without identification 
of individual exposures or responses, because the route of exposure is via ingestion and 
because experimental studies and the epidemiological studies described below have 
provided no evidence in support of any gastrointestinal cancer risk from ingestion. The 
other health studies are of taconite miners and millers (Clark et al, 1980, Higgins et al.
1983, Cooper etal. 1988, 1992).

I
A reasonably valid comparison can be made between the health risks of workers exposed 
to amosite asbestos in mining and manufacture and the health risks of workers involved in 
the extraction of minerals from ore bodies containing non-asbestiform grunerite.



GRUNERITE (AMOSITE) ASBESTOS

Amosite is the trade name given to a mineral that was previously mined in Penge region in 
the Transvaal of South Africa. The mineralogical name is grunerite asbestos. In the bulk 
specimen the fibers can be several inches long. The color, ranging grey to brown depends 
bn Whether the fiber was mined from a weathered or un-weathered zone. The size 
distribution of the airborne fibers in the mine and mill have been reported by Gibbs and 
Hwang (1980). In mining and milling 12.6% and 6.6% respectively of airborne fibers 
exceeded 5 pm in length when all particles with length to breadth ratios greater than 3: 1 
were counted using transmission electron microscopy combined with light optical 
microscopy. The median lengths for mining and milling were 1.83 pm and 2.53 pm 
respectively. The median diameters were 0.20 to 0.26 pm depending on the process and 
there were no airborne fibers with diameters exceeding 3 pm.

Grunerite (Amosite) Asbestos Exposed Cohort Studies

The studies of cohorts of amosite-exposed workers include miners and millers in South 
Africa (Sluis-Cremer et al. 1992) and workers engaged in amosite insulation manufacture 
(Adieson et al. 1984, Seidman et al.1979, 1986, Levin et al. 1998). Cohorts where the 
exposure also included riebeckite (crocidolite) asbestos and/or chrysotile have been 
excluded from consideration as the ratios of the risks of mesothelioma associated with 
these various asbestos fiber-types have been reported to be in the ratio of 500:100:1 for 
riebeckite (crocidolite) asbestos, grunerite (amosite) asbestos and chrysotile respectively 
(Hodgson & Dam ton 2000). For lung cancer the differences are not as great or as clear- 
cut, Crocidolite and amosite pose similar exposure-specific risks for lung cancer (about 
5% excess per f/mL-yr),- while the risk from chrysotile is estimated as 0.1-0.5% of the risk 
of crocidolite and amosite. Thus the risk differentials between the amphibole asbestos 
(crocidolite, amosite) and chrysotile for lung cancer are about 10-50:1 (Hodgson &
Damton 2000). It should be noted that the chrysotile in these risk estimates included 
sources where the chrysotile contained traces of tremolite, the form of which was not 
investigated, or reported.

Only one of the cohorts with pure grunerite (amosite) asbestos exposure was examined for 
a quantitative exposure-response relationship (Seidman et al. 1986). There was a clear 
increase in the risk of lung cancer with increasing exposure expressed in fibers/mL-years.

NON-ASBESTIFORM GRUNERITE COHORTS

Several groups of workers from Homestake gold mine and the Minnesota taconite deposits 
have been exposed to cleavage fragments of grunerite and studied to assess possible 
“asbestos-related” diseases (Table 3). The non-asbestiform amphiboles present in these 
mines generally crystallize in a prismatic habit with well-developed cleavage so breaks 
occur both perpendicular and parallel to particle length.



Taconite miners: There are several studies of workers who were exposed to 
cummingtonite-grunerite particles from the above deposits. These include the Reserve 
taconite miners (Higgins et al. 1983) and the Erie-Minntac taconite miners (Cooper et al. 
1988, 1992). Another group of Iron ore (hematite) miners in Minnesota is included for 
comparison as a negative “control” since the hematite ore does not contain amphiboles 
(Lawler etal. 1985).

Taconite is an iron-bearing rock that by 1978 was supplying nearly 90% of the iron ore 
used in the US iron and steel industry. More than 60% of this came from the Mesabi Range 
that is 110 miles long and 1-3 miles wide extending east to west from Babbitt, Minnesota 
to Grand Rapids, Michigan. Iron ore has been mined along the Mesabi Range since about 
1892 (Langer et al. 1979). Taconite contains 20-50% quartz and 10-36% magnetite with 
smaller amounts of hematite, carbonates, greenalite, chamosite, minnesotaite, 
stilpnomelane and amphiboles which are non-asbestiform minerals in the cummingtonite- 
grunerite series, actinolite and hornblende, (Nolan et al. 1999).

Taconite from the eastern end of the Mesabi Range contains non-asbestiform 
cummingtonite-grunerite (most probably grunerite) and actinolite with most elongated 
particles having aspect ratios greater than 3:1 and length less than 10 pm and are mostly 
acicular cleavage fragments. Respirable dust concentrations in the Reserve mining 
company ranged from about 0.02 mg/m3 to 2.75 mg/m3 at a crusher. The modal range in 
most jobs was 0.2-0.6 mg/m3, with occasional concentrations of 1-2 mg/m3 but mostly 
below 1 mg/m3. Fiber concentrations were generally < 0.5 fibers/mL. Area samples 
suggest no change in concentrations between 1952-1976 and exposure estimates were 
based on samples collected in the period 1975-8 (Higgins et al. 1983).

In the Reserve mining cohort (Higgins et al. 1983) there were no exposure-response 
relationships between lung cancer and cumulative exposure to silica dust or taconite 
(measured as mg/m3-years) and no excess lung cancer based on the SMR. There were no 
cases of mesothelioma. Higgins et al. (1983) concluded that the lack of any increased risk 
of cancer is not surprising given the low silica and fiber exposure plus movement of miners 
to lower exposed jobs with increased seniority. The average and maximum latencies of 
lung cancer were 15 and 25 years. At high exposure levels the latency for pneumoconiosis 
has been as short as about 5 years or even less. As dust levels have declined latency is 
more in the range of 13-20 years. The cohort was also relatively young with 5% overall 
mortality and the number of cases was small with 15 lung cancer cases (17.9 expected), 8 
with >15 years since hire (7.9 expected). Exposure-response functions were estimated 
using cumulative total dust exposure and cumulative silica dust exposure in mg/m3-years 
as the exposure metrics. The relationship with total dust exposure, which is of interest from 
the standpoint of cleavage fragments, was not monotonic and the SMRs were at or below 
1.0 in the three highest exposure categories. Higgins et al. (1983) concluded there was no 
suggestion of an association with lung cancer.



In the Eastern Mesabi district, west of the Reserve Mine are the Erie and Minntac 
operations. The Minntac ore has had a different metamorphic history and contains the f 
lowest percentage of amphiboles. The Erie ore is a blend of the high and low amphibole 
ores with more amphiboles than Minntac but less than Reserve. Nolan et al. (1999) 
reported 28-40% quartz in dust from the Erie mine and 20% quartz from the Minntac mine. 
Concentrations of fibrous particulates were nearly always <2 fibers/mL. These particulates 
were >5 pm in length and included elongated cleavage fragments.

The Erie-Minntac cohort of taconite miners (Cooper et al. 1992) showed “no evidence to 
support any association between low-level exposure to non-asbestiform amphibole 
particles or quartz” and lung cancer. The Erie-Minntac cohort is older and larger than the 
Reserve cohort with 31% mortality and a minimum time since hire of 30 years. There were 
deficits in lung cancer SMRs for miners ever working in high or medium dust areas and no 
trend with years worked. There was no analysis by cumulative exposure.

There was one case of mesothelioma that had been reported in the initial study (Cooper et 
al. 1988). In this case, exposure to taconite began 11 years before death. Previous 
employment included work in the railroad industry as a locomotive fireman and engineer. 
Nolan et al. (1999) suggest it is unlikely that the mesothelioma is related to taconite 
because mesothelioma generally occurs after at least 25 years although latencies as short as 
about 18 years have been reported among insulation workers where asbestos exposure can 
be quite high. The more likely cause is from the railroad employment where there are 
opportunities for exposure to commercial amphibole asbestos from thermal lagging used 
on steam locomotives. Also, the time since hire in the railroad jobs is more consistent with 
the long latency characteristic of mesothelioma.

Although deposits of grunerite asbestos large enough for commercial exploitation are very 
rare, small deposits are occasionally found as a gaiigue mineral in a limited area of a mine 
that is otherwise asbestos-free. Nolan et al. (1999) described the occurrence of such a 
localized seam of grunerite asbestos in a small portion of an iron ore mine otherwise free 
of asbestos. Samples from the seam revealed three kinds of morphological types or habits. 
One kind was the asbestiform habit with fibers occurring as parallel fibrils and forming 
polyfilamentous bundles. There were two non-asbestiform habits, namely splintery fibers 
and! massive anhedral nodules, which when crushed may form elongated cleavage 
fragments that morphologically resemble some asbestiform fibers. To evaluate potential 
asbestos exposure, 179 personal air samples were collected for all relevant jobs associated 
with work on this localized seam. The mean concentration of fibers >5 pm in length and 
aspect ratio >3:1 was 0.05 f/mL and the highest was 0.39 f/mL. All sample results were 
below the Mine Safety and Health Administration (MSHA) standard of 2 f/mL but 13% 
were above the Occupational Safety and Health Administration (OSHA) standard of 0.1 
f/mL.



Nolan et al. (1999) estimated the potential lifetime risk of lung cancer and mesothelioma 
based on a worst case scenario. Lifetime lung cancer risks of-0.1 and 0.6 /100,000 for 
nonsmokersand smokers respectively were estimated using the EPA risk model and 
assuming a linear exposure-response relationship, age of 45 years at beginning of exposure 
and continuous exposure for 22 days to 0.05 asbestos fibers/mL. This was considered 
approximately equivalent to smoking 2 or 12 cigarettes over a lifetime.

Nolan et al. (1999) also estimated risk based on grunerite asbestos fiber content in the 
lungs of mesothelioma cases from a British grunerite (amosite) asbestos factory (Gibbs et 
al. 1994). Nolan et al. (1999) estimated it would take 75-265 years of daily 8-hour shifts to 
inhale the number of fibers found in the lungs of the mesothelioma cases, assuming no 
clearance. Fiber concentrations were about 45% higher in the lung cancer cases, 
suggesting about 100-380 years to reach similar fiber content in iron ore miner lungs.

Nolan et al. (1999) suggested concentrations were a minimum of 30 fibers/mL in the 
Paterson, NJ grunerite (amosite) asbestos factory (Seidman et al. 1986). No mesothelioma 
cases had less than 6 months employment and 20 years latency. Assuming breathing 0.05 
fibers/mL from the gangue rock in the iron ore mine, Nolan et al. (1999) estimated it 
would take about 300 years to achieve the minimum exposures estimated for the 
mesothelioma cases in the Seidman et al. (1986) cohort.

Hematite Miners as Negative Control: Hematite from the Mesabi Range in Minnesota is a 
mixture of about 83% hematite (Fe203) and limonite (HFeOz). The hematite deposit differs 
from taconite deposits in that there is the absence of all amphiboles. Some silica (about 
8%) is present plus possibly low levels of radon.

Lung cancer mortality was not associated with years worked. Mesothelioma was not 
mentioned. Lawler et al. (1985) considered that the lack of an excess risk of respiratory 
disease was possibly due to strict prohibition of smoking while underground, apparent 
absence of significant radon daughter exposure and/or the aggressive silicosis control 
program. No estimates of dust exposure are available.

Gold Miners: There are several studies of miners at the Homestake gold mine in South 
Dakota (Gilliam et al. 1976, McDonald et al. 1978, Brown et al. 1986, Steenland & Brown 
1995).

Ore containing cummingtonite-grunerite has been mined to extract gold in Lead, South 
Dakota, since 1876. An analysis of airborne “fibers” using electron diffraction and x-ray 
spectrometry was reported to show that it contained “80-90% amphiboles” with the 
amphiboles being “60-70% fibrous grunerite”, “1-2% fibrous cummingtonite” and “10- 
15% fibrous hornblende” (Gilliam et al. 1976). The free silica content of the respirable 
airborne dust was reported to be 13.1%. Low concentrations of arsenopyrite were also 
reported. The NIOSH researchers identified the fibrous grunerite as grunerite (amosite) 
asbestos. Closer examination of the fiber population statistics suggests strongly that the



fibrous grunerite particles are non-asbestos amphibole cleavage fragments as noted in the 
section on fiber length.

Measurements of airborne concentrations of “fibers” in the mine in 1974 showed 
concentrations to be about 0.25 f/mL greater than 5 pm with the highest concentration 
being 2.8 f/mL based on 200 samples (Gilliam et al. 1976). The mean total fiber 
concentration in the mine as determined by electron microscopy was 4.82 (±0.68) f/mL 
with the concentration of fibers greater than 5 pm being 0.36 (±0.08) f/mL.
Approximately 94% of fibers were less than 5 pm in length, the mean fiber diameter was 
0.13 pm and the mean “fiber” length was 1.1 pm. The US Bureau of Mines in 1960 
reported average airborne dust concentrations of 1.7 million particles per cubic foot 
(mppcf) (Gilliam et al. 1976). This suggests a ratio of f/mL to mppcf of about 0.25/1.7 = 
0.146 f/mL per 1 mppcf.

Exposure-response relationships were developed by several of these researchers. Only the 
results of the latest follow-up by Steenland and Brown (1995) will be considered. 
However, the exposure-response developed by McDonald et al. (1978) based on semi- 
quantitative exposure estimates is of interest because this cohort of 1,321 men with 21 or 
more years of service clearly had adequate latency to observe the occurrence of 
mesothelioma or increase in lung cancer. There were 17 deaths from respiratory cancer but 
no convincing evidence of an excess of respiratory cancer or grunerite related 
mesothelioma. This contrasts with the results of the earlier study by Gilliam et al. 1976, 
which involved 440 men who had worked more than 5 years underground. They reported 
10 deaths from neoplasms of the respiratory system with 2.7 deaths expected. Conclusions 
from the study by Gilliam et al. (1976) are weakened by the fact that the study population 
is small, the SMR for men with latency less than 20 years (5.4) was greater than that for 
men with latency greater than 20 years (3.2) (McDonald et al. 1978), and the results are 
contradictory to later follow-up studies of the entire cohort (Brown et al. 1986, Steenland 
and Brown 1995). While the reason for the high overall SMRs is not clear, selection bias is 
possible as the cohort was comprised of volunteers participating in a 1960 silica X-ray 
survey. The participation rate of workers from the mine was not reported.

The Homestake study comprises the largest and oldest cohort of workers exposed to non- 
asbestiform amphiboles with 47% mortality. In the Steenland and Brown (1995) study, 
there was a 2.6-fold excess of silicosis and a 3.5-fold excess of respiratory TB that were 
significantly associated with cumulative exposure and SMRs were significantly elevated in 
the highest exposure category for both dust-related diseases. Lung cancer was not 
associated with cumulative exposure in the SMR exposure-response analysis and there was 
a negative trend in the nested lung cancer case-control portion of this study, i.e., as 
exposure increased there was a trend for lung cancer risk to decrease. There were no 
mesothelioma deaths.

The mesothelioma and lung cancer experience of the grunerite (amosite) asbestos and non- 
fibrous amphibole workers will be compared separately below.



COMPARISON OF MESOTHELIOMA EXPERIENCE

One method of assessing whether non-asbestiform grunerite acts similarly to grunerite 
(amosite) asbestos is to compare the proportional mortality from mesothelioma in to 
grunerite (amosite) asbestos exposed workers and in non-asbestiform grunerite exposed 
workers. Mesothelioma is a cancer which can clearly be caused by amosite without known 
confounders such as smoking, although there are a small number of other potential causes 
(Pelnar 1988, Price and Ware 2004). Hodgson and Damton (2000) argue that there is 
unlikely to be a threshold for asbestos-related mesothelioma, but that the exposure- 
response function may be non-linear. As previously discussed about 80% of 
mesotheliomas are asbestos related, mesothelioma is a more specific indicator of 
amphibole asbestos exposure and also more sensitive as there may be an excess 
mesothelioma risk in the absence of an excess lung cancer risk (Hodgson and Damton 
2000).

. The measure of mesothelioma mortality used in this study is the percent of total mortality 
(labelled PMR in this context). To assume a work-related mesothelioma in the non- 
asbestiform grunerite cohorts there should be no previous asbestos exposure, no exposure 
to other potential etiological factors such as erionite or therapeutic radiation and the time of 
death should probably be 20 or more years since hire since exposure, or 15 or more years 
since hire if exposure was intense. Lanphear and Buncher (1992) estimated that for 1,105 
mesothelioma cases meeting strict histological and exposure criteria, 99% had a latent 
period (time since first exposure) of 15 years or more and 96% of 20 years or more. The 
median latent period was 32 years with a range of 13 to 70 years. The probability was 0% 
for <10 years and 0.45% for 10-14 years.

Although there, were only 19% of persons dead in the grunerite (amosite) asbestos cohorts 
combined, there was an overall proportional mortality from mesothelioma of 1.2%. In 
contrast, 23% of persons were dead in the non-asbestiform cohorts combined and no 
mesothelioma linked to the exposures in the non-asbestiform cohorts (or 0.03% if the non
exposure related deaths are counted). It is well recognized that the proportion of 
mesothelioma increases with long follow-up as mesothelioma increases as a cubed 
function of the time since first exposure and so would increase as the percentage of deaths 
increase. Certainly on present evidence there is no increased risk of mesothelioma in non- 
asbestiform amphibole exposed workers at the levels of exposure encountered in these 
industries (Tables 3 and 4, Figure 1).

In view of the fact that there was no detected increase in mesothelioma, one would not 
anticipate an increased risk of lung cancer due to exposure to fibrous dust, as usually in 
amphibole-exposed workers the exposure necessary to produce an increased risk of lung 
cancer is much greater that that required to increase mesothelioma risk.
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COMPARISON OF LUNG CANCER EXPERIENCE

There are statistically significant excesses of respiratory cancer in all the grunerite 
(amosite) asbestos industries (except mining). In contrast, it is very clear that, with the 
exception of the first small study of Homestake gold miners (Gilliam et al. 1976), there is 
no increased risk of lung cancer in the non-asbestiform amphibole exposed industries. The 
resyilts from the study by Gilliam have not been reproduced in subsequent studies with 
complete ascertainment of the cohort and longer follow-up (Steenland and Brown 1995, 
McDonald et al. 1978). In the taconite-exposed miners there were some statistically 
significant deficits of respiratory cancer. This is in spite of the fact that workers in those 
industries are exposed to significant crystalline silica in addition to non-asbestiform 
grunerite (if silica increases lung cancer risk).

Another way to examine this question is to compare the exposure-response relationships 
for'the various studies. In Table 5 the exposure-response relationships for the studies by 
Seidman et al. (1986) and by Steenland and Brown (1995) are compared. While both have 
limitations in their exposure estimates, there is clearly no increasing trend of lung cancer 
with increasing exposure to non-asbestiform grunerite (and other non-asbestiform 
amphiboles). The exponential increase in pneumoconiosis (silicosis) with increasing 
exposure suggests exposure produced fibrotic but not carcinogenic effects (ratio lung 
cancer/ silicosis mortality = 1.25) In contrast there is a steep and statistically significant 
slope for the lung cancer mortality in the grunerite (amosite) asbestos insulation 
manufacturing plant (lung cancer/asbestosis mortality ratio = 6.8) (Figure 2).

Acheson et al. (1984) reported concentrations of 30 fibers/mL in the late 1960s in the 
factory using grunerite (amosite) asbestos. Exposures were probably much dustier before 
1964 with improved conditions after 1964. However, Acheson et al. (1984) did not 
attempt to assess exposure-response trends.

It seems clear that exposure to non-asbestiform grunerite cleavage fragments and/or 
“fibers” at cumulative exposures below about 30 f/mL-years has not resulted in an 
increased lung cancer risk for workers. The risk for workers exposed to grunerite 
(amosite) asbestos.was increased at cumulative exposures <6 f/mL-years.

OVERALL CONCLUSION CONCERNING 
ASBESTIFORM AND NON-ASBESTIFORM GRUNERITE

It is evident that the “fibers” to which the non-asbestiform amphibole workers were 
exposed were considerably shorter (and wider) than those to grunerite (amosite) asbestos 
workers were exposed. While both studies of grunerite (amosite) asbestos and non- 
asbestiform grunerite (plus other non-asbestiform amphiboles) may have limitations as far 
as estimates of fiber exposure are concerned, the results indicate very large differences in 
the mortality from mesothelioma and from lung cancer from both external and internal 
comparisons. It seems unlikely that errors in the exposure estimates are responsible for



these very large differences as the grunerite (amosite) asbestos factory shows a definite 
increase in risk of lung cancer with increasing exposure while there is no statistically valid 
increase in trend with non-asbestiform grunerite. The results are consistent with cleavage 
fragments having no (or negligible or very low) apparent carcinogenic hazard for 
mesothelioma and lung cancer in contrast to the obvious carcinogenic hazard shown by 
their asbestiform counterparts.



The Evidence from Studies of Talc and Vermiculite Exposed. Workers

The Mineral Talc: The term talc is used in two ways. First, it is a term applied to a 
commercial or industrial product that contains finely divided mineral or rock powder that 
usually, but not always contains the mineral talc as its main component. Second, it can 
refer to the mineral talc which is a phyllosilicate mineral with the chemical formula Mg6 
Sis O20 (OH) 4. Since talc is a metamorphic mineral it is often associated with other 
minerals and is rarely found in its pure form. Co-exposures are specific to each site. 
Tremolitic talc is a commercial product that contains a high proportion of the amphibole 
tremolite in addition to the mineral talc; it also can contain other minerals including 
anthophyllite, a transitional talc/anthophyllite mineral as well as antigorite, lizardite and 
quartz. Cosmetic and pharmaceutical talcs have strictly controlled mineral contents; 
industrial talcs may contain other minerals.

Structurally, talc occurs in- sheets that can be separated by slight pressure, so that when 
milled, talc can form cleavage fragments or elongated talc platelets (Wild et al.2002).

THE NEW YORK AND NORWEGIAN TALC DEPOSITS

There are at least two talc deposits containing non-asbestiform tremolite and anthophyllite 
-which have been studied, one in New York State and one in Norway (Table 6). The best 
known and best characterised is the industrial talc in New York. There has been 
considerable discussion in the literature concerning whether the tremolite and anthophyllite 
present in this talc is asbestiform or non-asbestiform. However, the evidence is supportive 
of non-asbestiform amphiboles (Skinner et al. 1988). Norwegian talc contains tremolite 
and anthophyllite said to be in trace amounts. However, the mineralogy of this talc is less 
studied and the cohort of exposed miners/millers is much smaller.

The health experience (mesothelioma and lung cancer mortality) of these two cohorts of 
talc workers exposed to non-asbestiform amphiboles will be compared to 1) anthophyllite 
asbestos miners, 2) to workers exposed to vermiculite contaminated with tremolite 
asbestos; and 3) to workers exposed to talc that is not contaminated with amphiboles from 
Vermont, Italy, France and Austria.

New York Talc: The St Lawrence County, New York talc deposit has been extensively 
studied for its mineralogy and presence of fibers and cleavage fragments. The mineralogy 
is complex and there has been a long and ongoing debate about the amphiboles present in 
thelGouvemeur, NY talc, which is the only mine currently operating in the region. 
Dement and Zumwalde (1980) concluded that bulk Gouvemeur talc samples contained 
both amphiboles (4.5-15% anthophyllite and 37-59% tremolite) and serpentines (10-15%



lizarditc and antigorite) and less than 2.6% free silica as determined by X-ray diffraction 
and petrographic microscope analysis. It appears that the mineral identified as 
anthophyllite by Dement and Zumwalde (1980), is, at least in part, a mixed phase mineral 
with talc evolving from the anthophyllite (Kelse and Thompson 1989). The talc also 
contains talc fibers. Dement and Zumwalde (1980) considered the airborne dust ‘fibers’ 
greater than 5 pm long to contain upward of 70% amphibole asbestos. Based on electron 
microscopy, Dement and Zumwalde reported that: “In the mine 38% of all fibers were 
anthophyllite. 19% were tremolite and 39% were unidentified”. In the mill 45 per cent of 
all fibers were anthophyllite, 12 per cent were tremolite and 38 per cent were unidentified. 
Three percent of the fibers in the mine and 2 percent in the mill reportedly gave chrysotile 
electron diffraction patterns. According to Thompson (1984) and Harvey (1979) all the 
amphibole minerals are cleavage fragments and in the non-asbestiform habit and it has 
now been shown that once the talc fibers are recognized, the talc does not contain 
asbestiform tremolite or asbestiform anthophyllite (Kelse and Thompson 1989, Dunn 
Geoscience Corp 1985, Langer and Nolan 1989, Virta 1985, Crane DT 1986, Wylie 1987, 
Wylie 1993, Nolan etal. 1991).

A survey of the many mortality studies of workers exposed to St Lawrence County, NY 
talc is summarised in Appendix 1. Most of these have been variations of the original 
NIOSH cohort study (Brown et al. 1979,1980). We will focus on the nested case-control 
study, which addressed three of the hypotheses raised about reasons for the increased lung 
cancer, namely smoking, other work exposures, and short-term workers (Gamble 1993). 
Honda et al. (2002) added 6 more years update and estimated quantitative cumulative 
exposure to talc dust to address the question of exposure-response (Oestenstad et al. 2002).

Gamble (1993) conducted a case-control study nested in the Brown et al. (1990) cohort of 
NY talc workers. There were 22 cases and 66 controls matched on date of birth and date 
of hire. All cases were either smokers (91%) or ex-smokers compared to 27% 
nonsmokers, 73% smokers or exsmokers among controls. Negative trends were 
consistently observed by years worked after controlling for smoking, 20 or more years 
latency, and exclusion of short-term workers. Lifetime work histories suggested no 
apparent association with non-talc exposures or non-Gouvemeur talc exposures. The 
author concluded that “after adjustment for.. .smoking and the postulated role of very high 
exposures of short-term workers, the risk ratio for lung cancer decreases with increasing 
tenure.” The time occurrence of lung cancer was consistent with a smoking etiology, and 
was not consistent with a mineral dust relationship.

Honda et al. (2002) assessed cancer and non-cancer mortality among White male 
Gouvemeur talc workers. The cohort analyzed for cancer endpoints consisted of 809 
workers employed 1947-1989 and alive in 1950. The cohort analyzed for non-cancer 
endpoints consisted of 782 men employed during 1960-1989. The important additions in 
this study were 6 more years of follow-up (through 1989) and internal exposure-response 
analyses with cumulative exposure to talc dust as the exposure variable. Smoking status 
was not taken into account. The internal comparisons by cumulative exposure (mg/m3-yrs)
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showed a significant monotonic decrease in lung cancer risk with increasing exposure.
The RR was 0.5 (0.2-1.3) in the highest exposure category. Mortality from ‘other NMRD’ 
and pulmonary fibrosis showed monotonic increases in risk as exposure increased with 2- 
fold and 12-fold increased risks in the highest exposure categories. (Figure 3)

Honda et al. (2002) concluded that talc dust was unlikely to have a carcinogenic potency 
similar to asbestos for several reasons. First, there were negative exposure-response 
trends’. Second, although lung cancer mortality was increased nearly 4-fold among.miners 
(SMR of 3.94; 95% Cl 2.33-6.22, 18 observed (obs)) it was not excessive among millers 
(SMR of 1.28; 95% Cl 0.51-2.63; 7 obs) although exposure was similar in both groups 
(medians of 739 mg/m3-years and 683 mg/m3-years respectively). Third, the cumulative 
exposure was low for lung cancer cases compared to that of other workers. For example, if 
median cumulative exposure is set at 1.0 for lung cancer decedents, the relative median 
cumulative exposure is 1.1 for ischemic heart disease, 1.5 for all decedents, 3.5 for NMRD 
as underlying or contributory cause of death, and 10.8 for pulmonary fibrosis.

Honda et al. (2002) conclude that the lung cancer excess is unlikely to be due to talc dust 
per se. The reasons for the excess are unclear. Possible explanations for the excess 
include confounding by smoking or other risk factors or an unidentified constituent in the 
ore! or mine environment that is poorly correlated with talc dust.

Norwegian Talc: Norwegian talc contains trace amounts of quartz, tremolite and 
anthophyllite; the main minerals are talc and magnesite. Small amounts of magnetite, 
chromite, chlorite, and antigorite are in the ore, while the surrounding rock contains small 
amounts of serpentine, mica, feldspar, calcite, and non-asbestiform amphiboles 
(hornblende, tremolite). Personal air samples were collected 1982-4. Exposures were 
somewhat higher in the mine with a range for total dust of 0.94-97.4 mg/m3 and peaks at 
drilling of 319 mg/m3. The range in the mill was 1.4-54.1 mg/m3 with peaks in the 
storehouse of 109 mg/m3. Fibers of tremolite, anthophyllite and talc with aspect ratios 
>3:1 by optical microscopy ranged from 0.2-0.9 f/mL (Wergeland et al. 1990).

The Norwegian male talc cohort consisted of 94 miners employed at least 1 year in talc- 
exposed jobs 1944-1972 and 295 millers employed at least 2-years 1935-1972 (Wergeland 
et al. 1990). In contrast to NY talc workers, this is a generally healthy work population 
with a significant deficit in all-cause mortality (SMR'of 0.75; 0.62-0.89), which was below 
expected in both mine and mill. There were only 6 incident cases of lung cancer and 6.49 
expected for an SIR of 0.92. There was a small positive trend with years worked because 
there were zero cases in the low tenure group but no significant excess (SIR) in the 2 
groups with longer tenure. There were two lung cancer cases among miners (1.27 
expected) and there were more expected (5.22) than observed (4) in the mill. There was no 
excess of NMRD cases (3 cases of pneumonia), but numbers were too small to make any 
conclusions. There were no cases of mesothelioma.



It is unclear why the mortality and incidence of cancer are so far below expected. There is 
no excess NMRD mortality and no cases of pneumoconiosis as a cause of death despite the 
apparently very high dust exposures. There were 3 cases of pneumoconiosjs as a 
contributing cause of death: 2 cases with silicosis, 1 case with talcosis. In 1981, smoking 
histories were obtained from 63 of 94 miners. A reduced prevalence of smoking is an 
unlikely cause of the reduced mortality as only 8% were nonsmokers. In view of the small 
size of this cohort, interpretation is difficult.

NON-ASBESTIFORM AMPHIBOLES IN SOUTH CAROLINA VERMICULITE

There are several small vermiculite pits in South Carolina containing nearly 50% 
tremolite/actinolite but is believed to be virtually free of fibrous tremolite (McDonald et al. 
1988). Mining and the first part of the milling process are carried out wet. Four types of 
elongated fibers were identified in air samples using analytical transmission EM and 
energy dispersive X-ray spectroscopy (EDSX): tremolite-actinolite (48%), vermiculite 
fragments (8%), talc/anthophyllite (5%), iron rich fibers (23%) and the rest unidentified. 
Mean fiber size was 1.1 pm diameter and 12.7 pm long. Mean fiber length seems to be . 
quite large for the airborne fibrous dust cloud to be totally cleavage fragments. The mean 
exposure was 0.75 f/mL-yrs. .Nolan et al. (1991) found tremolite cleavage fragments 
(some of which were >10:1 aspect ratio), but found no asbestos.

The mortality study comprises a small cohort of 194 men with 6 months or more tenure 
before 1971 and a minimum latency of 15 years. There were 51 total deaths and an all
cause mortality of 1.17 (0.87-1.51). There were 4 deathsfrom lung cancer and 3 from 
NMRD with SMRs of 1.21 and 1.22 respectively. There were no cases of mesothelioma 
and no deaths from pneumoconiosis. There was a negative exposure-response trend 
between cumulative fiber exposure and lung cancer (Figure 4). Three of the 4 cases were in 
the lowest exposure category of <1 f/mL-yr (SMR = 1.71) and the 4th case was in the 
medium exposure category of 1-10 f/mL-yr (SMR = 0.73). Given the low fiber exposures 
(mean 0.75 f/mL-yrs) and the small sample size the authors concluded there was 
inadequate power to detect an adverse effect in this population (McDonald et al. 1988).

The health experience of workers at this mine would be of considerable interest for 
comparison with the miners in Montana where exposures involve asbestiform “tremolite” 
and other fibers. Exposure levels were so much higher in Montana and the study 
population is so small and exposures so low in South Carolina that comparisons are 
difficult. In the longer term, the population is too small for confident conclusions 
concerning lack of risk. On the other hand, the exposure-response trends (Figure 4) are 
suggestive that if tremolite asbestos were present instead of cleavage fragments there 
would likely have beenan increase in lung cancer in the highest exposure.category (and 
the work environment would have been more dusty with higher exposures).
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Although the actual percentage of “non-asbestiform” anthophyllite in the airborne dust is 
notj clear in these studies, we will assume that the' airborne dust contains a proportion of 
norj-asbestiform anthophyllite and non-asbestiform tremolite. In view of this, comparison 1 
of the risk of mesothelioma and lung cancer in the NY and Norwegian talc mining industry 
will be compared with other talc studies (negative control) and with asbestos-exposed 
workers in anthophyllite mining and workers exposed to vermiculite contaminated with 
tremolite asbestos(positive comparison). South Carolina vermiculite will be compared 
with Libby, Montana vermiculite.

; OTHER TALC DEPOSITS
\ •

There are several mortality studies of talc where amphibole minerals are reported to be 
absent and the talc is relatively “pure” talc. These include studies of workers in the 
Vermont talc mines (Selevan et al. 1979), Italian talc mines (Coggiola et al. 2003),
French and Austrian talc mines (Wild et al. 2002) (Table 6). According to Wild et al. 
(2002) “no asbestos contamination has ever been clearly documented in the talc deposits, 
at least not in the European sites.”

1 LUNG CANCER IN NEW YORK AND VERMONT TALC MINERS AND 
; MILLERS

In contrast to the high levels of amphibole cleavage fragments in New York’s St Lawrence 
County talcs, geological studies conducted since the early1900’s have shown no “asbestos” 
and little quartz in Vermont talc deposits (Boundy et al. 1979). Analyses of bulk samples 
collected in 1975/1976 from mines and mills of the three major Vermont talc companies 
showed talc and magnesite as major components (20-100%) and chlorite and/or dolomite 
as minor constituents (5-20%). There were trace amounts (<5%) of dolomite, calcite, 
quartz, biotite, ankerite, chromite, phlogopite and oligoclase and no asbestos.

1Sampling surveys conducted in summer/winter of 1975/1976 at the 3 talc mines/mills 
resulted in respirable geometric mean concentrations in the mines ranging from 0.5-5.1 
mg/m3 (median = 0.9) and in the mills from 0.5-2.9 mg/m3 (median = 1.0). Two methods 
werp used to count “fibers” with aspect ratios >3:1 and a “maximum width and minimum 
length” of 5 pm. Counts using phase contrast microscopy at a magnification of 437x 
ranged from 0-60 fibers/mL (median = 4.1). Parallel fibers counted by SEM at a 
magnification of 5000x ranged from 0-0.8 fibers/mL (median = 0). Cumulative exposures 
were not estimated, but past exposure levels commonly exceeded the MSHA and OSH A 
standards of 20 mppcf (Selevan et al. 1979).

Thej Vermont talc study provides the best comparison with the New York talc because the 
original studies were conducted during the same time period using similar methods and
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some or the same investigators, and the mines were in adjacent US States (although 
different ore bodies).

The cohort comprised 392 men who had had a chest radiograph administered by the 
Vermont Health Department since 1937 and had been employed for more than 1 year in 
the Vermont talc industry between January 1, 1940 and December 31, 1969. Workers were 
followed through December 31, 1975. As the inclusion of workers in the cohort required a 
radiographic examination, it was thought that long-term workers were more likely to have 
participated than short-term workers. In the 1960’s the Health Department reported that 
70% of those missing from their radiographic surveys had less than 1-year employment. 
While the overall effect is not known, the original authors concluded that selection bias 
could not explain the observed excess mortality.

There were a total of 90 deaths with an overall SMR of 1.16. There was a six-fold excess 
mortality (11 obs, 1.79 exp) from NMRD (excluding influenza and pneumonia). The 
largest excess was among millers (7 obs, SMR=7.87), but mortality was also increased 
among miners (2 obs, SMR = 3.6). Radiographic evidence of pneumoconiosis (80% > 
category 2/1) taken as part of the annual radiographic surveillance program of active 
workers, suggested to the authors that Vermont talc exposure was the causal agent. There 
was a non-significant 1.63-fold overall excess of lung cancer, which was significant among 
the miners (5 obs, SMR = 4.35) but not millers (2 obs, SMR = 1.02). There were no cases 
of mesothelioma (Selevan et al. 1979).

The most similar cohorts are Brown et al. (1979,1980) and Lamm et al. (1988) (Table 6).
, Lamm et al. (1988) considered workers with >1 year tenure, which can be compared to 
Vermont. Brown et al. 1979,1980 included all workers irrespective of tenure.

Risks of lung cancer were similar in Vermont and the NY talc workers with 1 or more year 
employment (1.63 versus 1.93 respectively) but elevated to 2.7 when all workers are 
included. The SMR for lung cancer among NY talc workers with less than 1 year tenure 
was 3.17 (6 obs) (Lamm et al. 1988). This supports the conclusion of Lamm et al. (1988) 
that the risk of lung cancer in NY talc workers is concentrated in short-term workers and is 
most likely due to risks acquired elsewhere.

Risks of NMRD were increased 3-fold in all 3 cohorts. Risk of pneumoconiosis appeared 
to be higher in Vermont as non-infectious respiratory disease mortality (possible surrogate 
for pneumoconiosis) was increased 6-fold compared to about 4-fold for both studies of NY 
talc workers.

In the Vermont mills the mortality from NMRD was twice that in the mines. However,, the 
risk of lung cancer was 4-times greater in the mine than mill. Exposures in both mine and 
mill in Vermont were above the then standard of 20 mppcf, but cumulative exposures were 
thought to be higher in the mill than the mine because mine operations were more 
sporadic. Selevan et al. (1979) concluded that for NMRD, “additional etiologic agent(s)



either alone or in combination with talc dust affect mine workers” because exposures were 
higher in the mill than in the mines yet mortality was higher in the mines. If this same 
reasoning is used for lung cancer, one would also conclude that other etiological agents 
were involved since SMRs for lung cancer were near the null among millers in both 
Vermont (Selevan et al. 1979) and the updated NY talc cohort (Honda et al. 2002) (Table 
6).'

A clear limitation of the Vermont study is the small number of deaths; there were only 6 
lung cancer deaths and 11 deaths from NMRD. Nevertheless, the increased risk of lung 
cancer in talc miners in Vermont where there is no evidence of exposure to asbestos or 
amphibole cleavage fragments is consistent with a conclusion that amphibole cleavage 
fragments are not responsible for the increased risk of lung cancer in the New York Talc 
miners. On the other hand the increased risk of Non-Malignant Respiratory Disease 
(Pneumoconiosis) appears to be related to both Vermont and NY talc dust exposure! 
Further follow-up and quantitative exposure-response analysis of the NY talc cohort tested 
these hypotheses and found that cumulative exposure to talc dust showed a strong 
association with pulmonary fibrosis mortality, a moderate association with other NMRD 
and no association with lung cancer (Honda et al. 2002, Oestenstad et al. 2002).

It is informative to think about the history of these two cohorts of similar size and similar 
risks and hopefully learn some useful lessons. There has been no further follow-up of the 
Vermont talc cohort. The NY cohort has been re-analyzed several times both with and 
without further follow-up (Stille and Tabershaw 1982, Lamm et al. 1988, Brown et al.
1990, Gamble 1993, Oestenstad et al. 2002, Honda et al. 2002). From the earlier studies 
has come the common (and current) perception that talc in the Gouvemeur Talc District 
contains asbestos and that “exposures to asbestiform tremolite and anthophyllite stand out 
as the prime suspected etiologic factors associated with the observed increase in 
bronchogenic cancer” (Brown et al. 1980). We offer two possible reasons for this incorrect 
perception.

First is the difference between including and not including short-term employees. The 
evidence that lung cancer risk was concentrated in short-term workers appears to have 
been outweighed by the known risks associated with asbestos and the presumption that NY 
talc workers were exposed to talc containing asbestos. The excess lung cancer among 
Vermont talc miners appears to have been discounted due to “talc free both of asbestiform 
minerals and significant quantities of free silica” and the potential for additional etiologic 
agents either alone or in combination with talc dust (e.g., radon).

Second, the most important limitation is with regard to the asbestos standard for 
regulating asbestos minerals. The OSHA-NIOSH definition of asbestos is inadequate for 
identifying and regulating non-asbestiform amphiboles. The crushing of rock containing 
non-asbestiform amphiboles (and other minerals) produces cleavage fragments that 
conform to the OSHA-NIOSH definition of asbestos (e.g., >3:1 aspect ratio, >5 pm length) 
but;are not asbestos fibers.



Using this definition has produced errors regarding asbestos content of the ores that are the 
subject of this review, i.e., taconite tailings dumped into Lake Superior (see other 
presentations in this volume), asbestos exposure of Homestake gold miners (Gilliam et al. 
1976) as well as talc. Other examples of the potential misuse of the federal fiber definition 
for asbestos include allegations of asbestos in play sand (Langer et al. 1991) and in 
crayons. The Agency for Toxic Substances and Disease Registry (ATSDR) in their Public 
Health Statement for Asbestos suggest that talc may contain asbestos. The Australian 
Government National Occupational and Health Commission say that industrial talc 
generally contains “asbestos fibers, notably tremolite.” By this standard one might include 
all the negative control talc cohorts as positive controls of workers exposed to asbestiform 
amphiboles. More examples are readily available on the internet. While amphiboles are 
sometimes present in some talc, asbestiform amphiboles occur very rarely as a geological 

- curiosity and not as far as we are aware using a mineralogical definition in any commercial 
or industrial talc.

The reasons for the increased risks of lung cancer in the New York and Vermont mining 
areas still remain speculative. Exposure to radon may be one reason as levels were 
apparently elevated in the Vermont Mines. The possibility that miners worked in areas of 
high asbestiform tremolite in the past cannot be totally excluded on present evidence as in 
one closed mine in Vermont “cobblestones of serpentine rock which were “highly 
tremolitic” have been reported, although workers in the Vermont cohort were considered 
unlikely to have had such exposure (Selevan et al. 1979). Whether this was asbestiform 
tremolite is not described although this appears to be inferred.

ITALIAN TALC

Italian talc is very pure and is used in the pharmaceutical and cosmetic industries. Miners 
and millers in this industry were studied for mortality (Rubino et al. 1976 1979, Coggiola 
et al. 2003). Miners were analyzed separately from millers because of silica exposure in the 
mine. The silica content of airborne dust in the mines was as high as 18% in drilling 
operations from footwall contact rocks, rock type inclusions, and carbonate, calcite and 
magnesite inclusions. The quartz content of the rock strata was inconsistent, ranging from 
10-45%. Other minerals in the inclusions included muscovite, chlorite, garnet, and some 
carbonate material. A small amount of (non-asbestiform?) tremolite was detected in the 
inclusion's but not in the talc samples. Talc samples were commonly contaminated with 
chlorite. From 1920-1950 there was dry drilling and no forced ventilation so exposures 
were over 10 times the TLV (which appears to have been about 25 mppcf at that time) in 
the mines and a little over the TLV in die mills. Wet drilling and forced ventilation were 
introduced in about 1950 and dust concentrations dropped precipitously to about 1 mppcf 
and well below the TLV. Concentrations in the mills were reduced slightly and slowly and 
after about 1960 were higher than in the mines (Rubino et al. 1976).



Coggiola et al. (2003) updated the earlier talc studies by Rubino et al. (1976,1979). The 
updated cohort comprised 1,795 men with at least 1 year of employment 1946-1995 and 
national rates were used for comparisons. There were 880 observed deaths with an overall 
SMR of 1.20 (1.12-1.28). There were slight deficits in observed lung cancer and total 
cancer and there were no mesotheliomas.

The SMR for lung cancer was 1.07 (0.73-1.50) for miners, while there was a deficit of lung 
cancer with an SMR of 0.69 (0.34-1.23) in millers. There was a 2-fold excess of NMRD 
due mainly to silicosis with the excess occurring among miners with a significant SMR of 
3.05 (2.50-3.70) compared to 1.04 (0.65-1.57) among millers. Exposure-response was 
examined using duration of exposure. This showed that for miners the only lung cancer 
excess was in the < 10-year exposure group while for NMRD the exposure-response trends 
were flat with all categories of duration of exposure showing about a 2-fold excess 
mortality.

The authors concluded there was no association between lung cancer or mesothelioma and 
exposure to talc containing no asbestos fibers. But there was an association in miners 
between NMRD (primarily silicosis) and talc containing quartz.

FRENCH AND AUSTRIAN TALCS

Wild et al. (2002) conducted cohort studies of talc workers in France and Austria with 
nested case-control studies of lung cancer and NMRD. The French ore was a talc chlorite 
mixture with quartz contamination ranging from undetectable to less than 3%. In Austria, 
three mines were studied. At one site the ore was a talc-chlorite mixture with 0.5-4% 
quartz. Rock containing about 25% gneiss was not milled. A talc-dolomite mixture of 25% 
medium talc and <1% quartz in the final product was the product at the second mine. The 
ore at the third site did not contain talc but was mixture of approximately equal proportions 
of quartz, chlorite and mica. Workers were stratified into semi-quantitative exposure 
categories. The non-exposed group consisted of office workers not exposed to talc and 
personal dust samples averaged 0.2 mg/m3. The low exposure group was for workers with 
no direct contact to talc, such as maintenance workers, and concentrations were less than 5 
mg/m3. The medium exposure category included workers exposed to concentrations 
between 5-30 mg/m3 for dustier areas such as bagging or milling and onsite maintenance. 
Quartz exposures occurred mostly in underground mining, tunneling and barrage building 
and milling products at site D. The highest exposure category was reserved for past 
production jobs (all before 1980) where concentrations were >30 mg/m3. Some samples 
produced concentrations >50 mg/m3 and higher. Three samples taken on workers wearing 
personal protective equipment were 73, 82 and 159 mg/m3. To calculate cumulative 
exposures, values of 2.5, 10 and 40 mg/m3 were assigned to the low, medium and high 
exposure jobs.

The French cohort consisted of 1,070 men with more than one year tenure between 1945 
and 1995, with vital status follow-up through 1996. The Austrian cohort consisted of 542



men with >l-year tenure between 1972 through 1995 and vital status follow-up during this 
same period. Three controls per each case of NMRD and lung cancer from both the French 
and Austrian cohorts were matched on age and calendar year of employment.

Overall mortality was below expected. There were 294 deaths in the French cohort in the 
period 1968-1996 for an SMR of 0.93 (0.82-1.04). The Austrian cohort was smaller with 
67 deaths and an SMR of 0.75 (0.58-0.95). In the French cohort SMRs were only slightly 
elevated for NMRD and lung cancer (1.06 and 1.23 respectively) but were increased over 
five-fold (SMR 5.56 Cl 1.12-16.2) for the 3 cases with pneumoconiosis. There were zero 
mesotheliomas.

The case-control studies combined the French and Austrian cohorts. There were 40 
combined deaths from NMRD: 10 from pneumoconiosis (including silicotuberculosis), 10 
from chronic obstructive pulmonary disease (COPD, restricted to chronic bronchitis and 
airway obstruction), and 20 deaths from pneumonia and other diseases. When analyzed by 
exposure Categories, the exposure-response trend for NMRD was not monotonic, with no 
apparent increased mortality below 400 mg/m3-yrs and 2-fold and 2.5-fold increased risks 
in the 2 highest exposure categories respectively. When analyzed by conditional logistic 
regression there was a significant exposure-response trend with an 8% increased risk per 
100 mg/m3-yrs exposure. The slope was even higher for pneumoconiosis, 1.17 for 
pneumoconiosis versus 1.08 for NMRD. The slope was only 1.02 for GOPD. Adjustments 
for covariates in the regression analyses had little effect on these trends. Smoking 
prevalences were similar between cases and controls with about 40% nonsmokers. (Figure 
5) '

There were 30 combined lung cancer cases. There was a negative exposure-response trend 
with odds ratios of 0.6 and 0.73 in the two highest exposure categories. The trend was 
unchanged when adjustments were made for smoking, quartz, working underground or 
when lagging the exposure estimates. Also, there were no trends when analyzed by 
maximum dose, latency, or duration of exposure (data not shown). About 40% of the 
controls were nonsmokers compared to about 8% (1/19) among cases although smoking 
classification was unknown on about half of the cases.

Wild et al. (2002) concluded that the small excess of lung cancer was not due to talc, 
despite follow-up of over 50 years, high exposures and mean duration of exposure >20 

years.

The pattern of mortality of workers exposed to cleavage fragments in the New York talc 
mines and mills (Figure 3) is very similar to that of workers in the French and Austrian 
mines and mills where there was no exposure to cleavage fragments (Figure 5). A 
limitation in these comparisons is the very large differences in cumulative exposures. If 
they are comparable, the dust to which the New York miners and millers are exposed is 
considerably more potent than that in the French and Austrian mines and mills from the
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standpoint of increasing lung fibrosis/pneumoconiosis. On the other hand, this “apparently 
highly potent pneumoconiosis producing dust” does not increase lung cancer risk.

These studies show that “pure” talc does not increase lung cancer risk. This is consistent 
with the observations for the New York millers, exposed to talc as there was no excess 
lung cancer in talc millers.



ASBESTOS-EXPOSED COHORTS FOR COMPARISON WITH TALC
WORKERS

There are two ore deposits containing tremolite asbestos or anthophyllite asbestos 
potentially suitable for comparison with the talc cohorts exposed to non-asbestiform 
tremolite and asbestos. One site is the vermiculite mine located in Libby, Montana with 
significant contamination from tremolite asbestos. The other is an anthophyllite asbestos 
mine in Finland.

LIBBY, MONTANA VERMICULITE MINE CONTAMINATED WITH 
ASBESTIFORM AMPHIBOLE

Ore fed to the mill in Libby, Montana contains 4-6% asbestiform amphiboles (about half 
tremolite asbestos and the other half a mixture of winchite and richterite in the tremolitic 
series, Nolan et al 1991). The health concern is the asbestiform amphibole contamination 
in these ores and not the vermiculite itself.

The raw ore and vermiculite concentrate from the Libby mine contain both asbestiform and 
non-asbestiform tremolite-actinolite and non-fibrous anthophyllite. Atkinson et al. (1982) 
found 21-26% fibrous tremolite-actinolite in the raw ore and 2-6% in the concentrate. 
Company data taken several years later indicated 3.5-6.4% at the head feed of the mill and 
0.4-1% in the concentrate (Amandus et al. 1987a). After removal of coarse rock the ore 
contained about 20% vermiculite, 21-26% fibrous tremolite-actinolite and the rest augite, 
biotite, calcite, diopside, hornblende, magnetite, quartz, sphene, and apparently non-fibrous 
tremolite-actinolite (McDonald et al. 1986).

Eight airborne samples from the mill and screening plant examined by phase contrast light 
microscopy indicated the asbestiform nature of the particles: 96% had aspect ratios >10, 
67% >20 and 16% >50. In addition, 73% of the fibers were longer than 10 pm, 36% >20 
pm and 11% >40 pm and width was < 2.5 pm in all instances (Amandus et al. (1987a).

Two independent mortality studies of the Montana vermiculite have been conducted. 
McDonald et al. (1986a, b) conducted a radiological survey and a cohort and nested case- 
control study of406 persons employed for at least a year prior to 1963 with follow-up until 
1983. The cohort study was subsequently updated with follow-up to 1999 (McDonald et 
al. 2002, 2004). We will primarily focus on the up-dated analysis. Exposure was estimated 
from first exposure (1945) to 1982 when work histories were no longer available. By this 
date most of the cohort was no longer employed and fiber concentrations were about 0.1 
f/mL. The plant closed in 1990. Before wet milling processes were installed, fiber 
concentrations were very high (estimates of >100 f/mL). A wet mill was installed in 1955 
and an entirely wet process replaced both wet and dry mills in 1974 so by 1980 nearly all 
concentrations were <1 f/ml. Exposure-response was estimated by both categorical and



I

linear exposure-response (E-R) Poisson regression models and excluding those with <10 
years latency. Average and cumulative exposure metrics showed similar relationships 
with mortality.

The overall all cause SMR was 1.27 (1.13-1.43). SMRs for lung cancer and NMRD were 
2.40 (1.74-3.22) and 3.09 (2.30-4.06) respectively; the PMR for mesothelioma was 4.2%. 
Exposure-response trends were not linear, as risks of lung cancer, NMRD and 
mesothelioma increased steeply in the second quartile exposure category and showed less 
steep slopes in the third and fourth exposure quartiles (Figure 4, Table 8).

The other Libby cohort study was by NIOSH and published in 3 sections that included 
exposure estimate's (Amandus et al. 1987a), cohort mortality study (Amandus et al.
(1^87b) and a cross-sectional radiographic study (Amandus et al. 1987c). Amandus et al. 
(1987b) also reported positive exposure-response trends for lung cancer with an almost 7- 
fold increased SMR in the high exposure category with more than 20-years latency. The 
PMR for mesothelioma was 2.2% considering only those with 20 years or more latency.

These results are a marked contrast to the decreasing trend of lung cancer with increasing 
exposure seen in the St Lawrence, NY talc workers. There is little doubt that the 
mesothelioma experience of the Montana work force is considerably worse than that of the 
talc miners. This is in spite of the fact that the New York talc workers are reported to have 
been exposed to dusts containing a very high percentage of non-asbestiform amphibole 
fibers (Kelse and Thompson, 1989).

The. amphiboles in St Lawrence, NY talc are non-asbestiform while they are asbestos in the 
Libby deposit (Kelse and Thompson 1989, Langer and Nolan 1989, Thompson 1984, 
Dement and Zumwal.de 1980).

Risk of pneumoconiosis, lung cancer and mesothelioma clearly increase as cumulative 
exposure to asbestiform tremolite increases (Figure 4). For the talc workers exposed to 
non-asbestiform tremolite, the risk of NMRD and pneumoconiosis increase as exposure 
increases, but the trends are reversed for lung cancer (inverse trend) and for mesothelioma 
(no cases so there is no trend) (Figure 3).

FINNISH ANTHOPHYLLITE ASBESTOS MINERS/MILLERS

Dement and Zumwalde.(1980) mentioned the study of Finnish miners by Meurman et al. 
1974 in the belief that both the NY talc and Finnish anthophyllite asbestos cohorts were 
exposed to asbestiform anthophyllite. They recommended that the risk of mesothelioma 
should be further studied by farther follow-up of the NY talc workers. Both the NY talc 
(Honda et al. 2002) and anthophyllite asbestos cohorts have had further follow-up so the 
maximum latency in Finland is now about 40 years (Karjalainen et al. 1994; Meurman et 
al. 1994), which is about the same as for NY talc workers (Honda et al. 2002).



In the updated Finnish study there was a significant 2.9-fold excess incidence of lung 
cancer overall with a somewhat higher risk in the heavily exposed males (SIR 3.15) than in 
moderately exposed (SIR 2.35). There were four mesothelioma cases for a significant 46- 
fold increased SIR (95% Cl = 12.2-115) overall (or a PMR of 0.7%, 4/593). All of the 
cases were in the heavy exposure group where there was'a 67-fold excess (95% Cl = 18.3- 
172) and all four had asbestosis. Asbestosis was mentioned on 20% of all death 
certificates (Karjalainen et al. 1994, Meurman et al. 1994).

MESOTHELIOMA COMPARISON

In the NY talc cohort, Honda et al. (2002) reported 2 deaths from mesothelioma. One was 
coded as benign neoplasm of the respiratory system and the other as malignant neoplasm 
of the lung and bronchus, unspecified. One man worked for 15 years and died 15 years 
after starting work at the talc facility. He had been a carpenter and millwright for 16 years, 
8 years as a lead miner and 5 years as a repairman in a milk plant. The other man worked 
briefly at the facility as a draftsman during mill construction in 1947-8. He would have had 
minimal talc exposure. He had been employed on the construction of a previous talc mine, 
and then installed oil burning heating systems. Honda et al. (2002) concluded it is unlikely 
that either of these cases occurred as a result of talc exposure in the mine or mill. In 
essence, there are no mesothelioma cases that are plausibly related to occupational 
exposure to Gouvemeur talc.

Vianna et al. (1981) reported a mesothelioma rate in Jefferson County twice that of New 
York State based on an incidence study of histologically confirmed mesothelioma cases. A 
total of six cases, four male and two female cases diagnosed between 1973 and 1978 were 
reported to have occurred in talc miners. Enterline and Henderson (1987) reported an 
excess mesothelioma incidence in Jefferson County from 1968 to 1981 with 4 female (0.6 
expected) cases and 7 male (1.4 expected) cases for risk ratios of 6.7 and 5.0 respectively. 
These latter rates were the second and sixth highest in the USA and occur in the county 
next to the one where the talc mines are located.

Hull et al. (2002) drew attention to these elevated rates, added “five new mesothelioma 
cases,” and concluded that New York talc exposure was associated with an increased risk 
of mesothelioma. This conclusion is inconsistent with the limited available data as 
outlined in the following: •

• The entire work histories of the “talc miners” with mesothelioma are apparently not 
known. Exposure to. asbestos in other j obs is likely given the diagnosis of 
asbestosis and the smaller widths of the fibers in lung tissue.



Hull et al. (2002) attempt to interpret the results of their tissue analyses of only two 
mesothelioma cases. This sample is too limited to reach any reliable conclusions. 
Available data do not support a talc etiology.

Fiber dimensions are consistent with asbestos exposure as the mean fiber widths in 
the 2 mesothelioma cases examined are less than 0.2S pm, which are the 
dimensions characteristic of asbestos.

The source of the fibers in the lungs is unlikely to be NY talc mines. The average 
width of the fibers in the mesothelioma lungs was 0.15 pm, which is considerably, 
less than the average width of 1.3 pm of anthophyllite and tremolite in milled talc 
samples (Siegrist and Wylie, 1980). Kelse and Thompson (1989) reported that 0% 
of the fibers in NY talc samples had widths less than 0.25 pum.

Asbestos-related employment occurs among residents of both St Lawrence and 
Jefferson counties. Fitzgerald et al. (1991) reported that 39% of workers with 
radiographic abnormalities of parenchyma and pleura had been employed for a year 
or more in asbestos-related industries (e.g., shipyard, construction, pipe and furnace 
insulation).

Two of the five cases had worked only four years and two years in occupations 
likely to be linked to the mining industry. One of these persons died at age 72 and 
the other at age 53. There was no information concerning their employment during 
the rest of their lives.

A non-talc etiology for mesothelioma is plausible. As noted above, females in the 
talc mining counties have a greater risk of mesothelioma than males (Enterline and 
Henderson, 1987). On the other hand, the cohort data on talc workers is based on 
men because less than 5% of those hired in the talc industry were women (Honda et 
al. 2002, Brown et al. 1990, Lamm et al. 1988).

In the cohorts, the worker populations and exposures are well defined and no 
association is observed between talc or non-asbestiform amphibole exposure and 
mesothelioma in the absence of possible asbestos exposure. The cohort studies 
provide a more reliable estimate of risk than a small case report with limited 
information on exposure.

Hull et al. (2002) indicate the “increased pleural mesothelioma mortality [is] in 
Jefferson County.” Jefferson County stopped producing talc about 100 years ago 
and all talc over the past century has been mined in St Lawrence County.

In the Libby cohort there were twelve mesothelioma cases. The PMR was 4.2 %. 
Exposure to tremolite asbestos in the Libby vermiculite clearly increased the risk of 
mesothelioma significantly (McDonald et al. 2004). The risk of mesothelioma



among anthophyllite asbestos workers was less than the risk among crocidolite 
miners but almost as great as among amosite miners (Meurman et al: 1994). These 
comparisons show a clear excess incidence of mesothelioma for workers exposed 
to asbestiform tremolite and anthophyllite, but no mesothelioma attributable to 
exposure to non-asbestiform tremolite/actinolite or anthophyllite. These 
comparisons are graphically displayed in Figure 6.

LUNG CANCER COMPARISON

There was an overall 2-fold increased rate of lung cancer in the Gouvemeur talc miners 
and millers compared to the surrounding counties in which the mine was located. This 
excess of lung cancer was notassociated with dust exposure but was concentrated in 
miners with an SMR of 3.94 (Cl 3.33-6.22) while millers had only a small increased risk 
with an SMR of 1.28 (Cl 0.51-2.63). In contrast, non-malignant respiratory disease 
mortality was associated with dust exposure as it was increased in both miners (SMR 2.41, 
Cl 1.16-4.44) and in millers (SMR 2.27 Cl 1.13-4.07) to almost the same extent. Smoking 
was clearly a confounding exposure as 100% of cases were smokers or ex-smokers but 
only 73% among controls. When exposure-response relationships were examined, the rate 
ratio for the highest respirable dust exposed workers to the lowest respirable dust exposed 
workers was 0.5 (0.2-1.3) for lung cancer and 11.8 (3.1-44.9) for pulmonary fibrosis 
(Figure 3). One would expect that a respirable dust exposure index would reflect the 
respirable fractions of dust regardless of composition. Thus, the results indicate that the 
lung cancer excess in this industry is largely due to smoking and unlikely^ to be the result of 
exposure to the respirable fraction of dust (which would include talc and cleavage 
fragments of the various amphibole minerals). However the data suggest that the respirable 
dust did increase the risk of fibrosis.

In asbestos producing or using industries where midget impinger measurements were used 
as a basis for exposure estimates (Liddell et al'. 1997), the risk of lung cancer increased 
with increasing levels of exposure. This illustrates the validity of exposure indices based 
on midget impinger measurements for assessing fiber-related risks, at least when exposures 
are high. However, in this talc mine, exposure estimates derived from midget impinger 
measurements (Oestenstad et al. 2002), showed no such relationship. If cleavage fragments 
were responsible for the lung cancer excess, an exposure-response relationship would have 
been anticipated. ,

To date a satisfactory explanation for the observation of an overall excess of lung cancer 
and for the concentration of the excess in miners rather than millers has not been found for 
workers exposed to either NY or Vermont talc, although at least part of the excess among 
NY talc workers is due to smoking (Gamble 1993, Honda et al. 2002). If the airborne dust 
contained over 70% amphibole asbestos fibers as reported by Dement and Zumwalde 
(1980), there should an overall increased risk of lung cancer, which there is, but there



should also be a logical increasing risk of lung cancer with increasing dust exposure, with 
a very high risk of lung cancer in highly exposed workers. This is clearly not the case.

In Finland where the incidence of cancer has been studied in anthophyllite miners, it was 
found that among heavily exposed male workers, the standardized incidence ratio (SIR) for 
lung cancer was 5.54 (CI= 3.90-7.63) and among moderately exposed workers it was 1.63 
(0.20-5.89). The heavily exposed were those who worked in the mine or mill and the 
moderately exposed included all other personnel (Meurman et al. 1994). This exposure- 
response pattern is quite the opposite of that in the New York talc mines and mills.

There were consistent positive exposure-response trends for lung cancer risk as occurred 
with the increased asbestiform amphibole exposure in the Libby cohort. The slope of the 
exposure-response curve was steeper for lung cancer than for pneumoconiosis and for 
mesothelioma (Figure 4).

The clear exposure-response trends for lung cancer to increase with increasing exposure to 
asbestiform tremolite and anthophyllite is in marked contrast to the negative exposure- 
response trend for lung cancer risk to decrease with increasing exposure to non-asbestiform 
tremolite and anthophyllite present in industrial talc. The pattern of increasing risk of 
fibrosis is consistent with exposure to mineral dust with or without the presence of 
tremolite asbestos.

These lung cancer comparisons are graphically displayed in Figure 6.

BIOLOGICAL PLAUSIBILITY

Biological plausibility is not a necessary prerequisite to establishing a causal association, 
but it is considered “helpful” (Hill, 1965). Experimental evidence is available to consider 
whether or not cleavage fragments are more or less carcinogenic than asbestos fibers. 
These issues have been independently evaluated by Addison and McConnell and 
Mossman, elsewhere in this volume.

Experimental studies have the potential advantage of precisely defining the characteristics 
of the minerals and amount of exposure. However there are also difficulties that affect the 
studies and their interpretation. Hence it is important to examine the overall pattern of 
biological responses to asbestos fibers and cleavage fragments rather than the results of 
single studies. Feeding studies have been considered elsewhere (Wilson et al. this 
volume).

Many experiments in animals have been used to assess the potential of fibers to produce 
mesothelioma-type neoplasms. For example, Stanton et al. (1981) counted as a positive 
response, pleural sarcomas that resembled the mesenchymal mesothelioma of man. The 
observed response is a.measure of potential hazard rather than risk. Nevertheless such



studies have been helpful in suggesting the morphological characteristics of particles in 
relation to “mesothelioma” producing potency. “Index particles” have been derived from 
these experiments. For example, based on the work of Stanton and colleagues the index 
particle is >8 pm long and <0.25 pm wide and is the best predictor of tumors without 
regard to the chemical composition of the particle. As far as we were able to ascertain, few 
if any cleavage fragments have the combination of diameter less than 0.25 pm and length 
greater than 8 pm. This would suggest that cleavage fragments are not the most potent 
particles for the production of mesothelioma.

Different exposure techniques have been used, but most have not involved the inhalation 
route of exposure applicable to humans. Most experiments have involved placing fibers 
onto the pleural or into the peritoneal cavity or injections intratracheally, routes of 
exposure which are artificial. The incidence of tumors is therefore higher and the tests are 
likely to be more sensitive than by inhalation. However, these experiments ignore the 
factors which limit fiber passage to these sites and also the alterations to the particles 
during their passage to these sites if they get there at all. Nevertheless, these data are 

' useful in hazard assessment, as the absence of “mesothelioma” occurrence when fibers are 
placed directly on the pleura or peritoneum in sufficient numbers, is strong evidence that 
human inhalation exposure is unlikely to be hazardous.

Samples used in experimental studies are not always related to the minerals to which 
workers are exposed. For example, no experimental studies of the Homestake gold ore 
were found. On the other hand, there are several studies of tremolitic talc samples from the 
Gouvemeur mine in New York State (talc samples 6 and 7 used by Stanton et al. (1981); 
FD-14 used by Smith et al. (1979) and FD-275 (non-asbestiform tremolite) used by Smith 
et al (1979) and by McConnell et al. (1983)) in feeding studies. Wylie et al. (1997) used 
in-vitro cell studies to compare the effects of asbestos fibers to talc fibers and transitional 
fibers in NY talc.

Figure 7 shows the results of rat injection studies of asbestiform and non-asbestiform 
varieties of amphiboles, primarily tremolite. These data show a consistent pattern of high 
incidence of mesothelioma tumors with exposure to tremolite asbestos from South Korea, 
California, Swansea and Italy (Davis et al. 1985, Wagner et al. 1969 1982, Stanton et al. 
1981). The mesothelioma incidence of both controls and samples was around 10%. The 
two Scottish tremolites studied contained relatively few asbestiform fibers and there was 
little difference between the control and exposed rats irrespective of whether the tremolite 
was asbestiform or not. Davis et al. (1991) noted that the intraperitoneal injection test used 
in their experiments is extremely sensitive so that any dust that produces fewer than 10?/n 
tumors is unlikely to show evidence of carcinogenicity by inhalation. Thus the non- 
asbestiform Scottish tremolite from Shinness was considered to pose no hazard.

The Scottish tremolite from Domie was considered to be probably harmless as well. The 
latter sample was described as containing mostly cleavage fragments but also some very 
long, thin fibers, with a possible small asbestiform subpopulation. These results should be



contrasted with those of asbestiform tremolite from Italy, California, Swansea and South ' 
Korea, which showed incidences of 70-100%. The Italian tremolite was described as a 
needle-like (byssolite) tremolite fiber but later shown to have an asbestiform component. 
For this fiber, the induction of tumors was much later than for the three asbestos types 
frpm California, Swansea and Korea. This is a normal response to a small dose of 
amphibole asbestos. Incidence was reduced to near zero for samples of non-asbestiform 
tremolite and talc fibers (Wagner et al. 1982, Stanton et al. 1981). Smith et al. (1979) 
assessed the incidence of tumors after injection of NY tremolitic talc and tremolite 
asbestos at two different doses. There were clear exposure-response trends' for the 
asbestiform tremolite but no effect of non-asbestiform tremolite at either 10 or 25 mg 
exposures (Figure 8).

STATISTICAL ANALYSIS OF POTENCY BY SIZE, SHAPE AND MINERALOGY

Berman et al. (1995) conducted a statistical reanalysis of inhalation studies using data from 
studies of AF/HAN rats exposed to different types of asbestos to identify the exposure 
metrics that best predicted the incidence of lung cancer or mesothelioma. New exposure 
metrics were first generated from samples of the original dust because of limitations in the 
original characterizations. This analysis provided more detailed information on 
mineralogy [i.e., chrysotile, grunerite (amosite) asbestos, riebeckite (crocidolite), tremolite 
asbestos)], type of structure (i.e., fiber, bundle, cluster, matrix), size (length, width) and 
complexity (i.e., number of identifiable components). In particular, transmission electron 
microscopy (TEM) was added to the descriptions so that asbestos structures less than 0.2 
pm could be detected and identified and use in the statistical analysis of size distributions 
to evaluate combined effects of length and width.

Implantation and injection studies generally indicate long, thin fibers are most likely to 
induce mesothelioma. However, Berman et al. (1995) considered inhalation studies more 
relevant for assessing human risk because lung retention and transport from the lungs are 
likely to be important variables in potency but are bypassed in the implantation/injection 
studies. Also the exposure metrics from these studies are unable to satisfactorily predict 
tumor incidence (for example see Oehlert 1991).

The analysis by Berman et al. (1995) indicated that particles contributing to lung tumor 
risk are long (>5 pm) thin (<0.4 pm) fibers or bundles with the potency increasing as 
length increases. For example, thin fibers longer than 40 pm are about 500 times more 
potent than thin fibers 5-40 pm in length. Long and very thick particles (>5 pm) may pose 
some risk, but these appear to be complex structures rather than fibers. It is hypothesized 
that these structures with large widths may break down and release additional long thin 
fibers or bundles. Short particles less than 5 pm in length do not appear to pose any lung 
cancer risk in this database. Thus in rats a particle length of 5 pm or less (or as Berman et 
al. suggest, 5-10 pm or less) appears to have zero potency.



The only other available data set for quantitatively assessing particle size is that of Stanton 
et al. (1981). The Berman et al. (1995) data set is considered more relevant because

1) It is based on an inhalation rather than implantation route of exposure;

2) It includes a range of representative samples of both asbestos fiber-types and 
particle sizes;

3) There is a more detailed characterization of long particles and complex 
structures than any other experimental study; and

4) The statistical analysis is more appropriate.

The analysis by Berman et al. (1995) is more appropriate as logarithms were not used, 
which avoided the problem of zero exposures in some size ranges and 0 tumors at some 
exposures. Also, an optimum exposure index was determined that provides a statistically 
adequate fit to the data. The models used by Stanton et al. (1981) do not fit the data well 
and therefore do not adequately describe the ranking of particle size potency.

In a statistical reanalysis of the Stanton et al. (1981) data, Oehlert (1991) confirmed the 
Stanton hypothesis that the primary ability of mineral particles to cause tumors are their 
dimensional properties, namely index particles that are long and thin (> 8 pm long and 
<0.25 um wide). Using improved models that fit the data better, Oehlert (1991) reinforced 
the idea that very long, very thin particles were the best predictors for tumors and that 
particles with dimensions outside the index class did not contribute to carcinogenicity.
This is also in agreement with Berman et al. (1995) that non-index particles have 
essentially zero potency.

Oehlert (1991) disagreed with the Stanton hypothesis that dimensions alone determine 
carcinogenic potency. Model fit was significantly improved by assessing each mineral 
type separately, which indicates mineral type is also important. This disagreement was 
unfounded, as in fact, Stanton, himself noted that the solubility of the fiber was also 
important, a parameter that would be incorporated in any analysis by considering.fiber 
type. Dimensions are necessary but are not alone sufficient to classify a substance as 
capable of inducing tumors. It is now well established that factors such as particle 
solubility and perhaps surface properties are also important. For example, fibrous talc from 
the Gouvemeur talc deposit in New York is not equivalent (0% tumor probability) to 
grunerite (amosite) asbestos (93% tumor probability) in tumor producing potential 
although the dimensions are similar (Stanton et al. 1981).

In sum, the Oehlert (1991) reanalysis of the Stanton et al (1981) data is consistent with 
Berman et al (1995) that particles of certain dimensions are important predictors of tumor 
incidence. Long and thin particles are the significant dimensions. Also, the minerals 
comprising sufficient particles in these size ranges to produce tumors included asbestos
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(crocidolite, amosite, and tremolite asbestos) but not the non-asbestiform amphibole 
mineral (tremolitic talc).

Given the importance of width and length from these experimental data, it is useful to 
summarize available data on dimensions of amphiboles in the epidemiological studies 
summarized in previous sections [Table 8].

This analysis indicates the low amounts or absence of long, thin particles in the size ranges 
that predict lung tumors or mesothelioma in the three ore bodies containing non- 
asbestiform amphiboles (NY talc, taconite and Homestake). A primary interest in studying 
these workers is the fact that they were exposed to non-asbestiform amphiboles. Steenland 
and Brown (1995) expressed the interest as follows: “Non-asbestiform amphibole fibers 
haye not been shown to cause lung cancer, but are suspect because of their similarity to 
asbestiform fibers (emphasis added).” The data in Table 8 and noted above suggest that 
the similarity is applicable only to chemistry since there is no similarity in the occurrence 
oflindex particles. The long thin elongated particles (fibers) capable of inducing tumors 
are common in asbestiform amphiboles and absent in non-asbestiform amphiboles.

The absence of long thin particles in the size ranges identified by Stanton et al. (1981) and 
by. Berman et al. (1995) as responsible for lung cancer and mesothelioma experimentally 
from ores containing non-asbestiform amphiboles detracts from the hypothesis that non- 
asbestiform particles have a carcinogenic potency similar to asbestos fibers. The other 
parameter which is now recognized as being important is biopersistence. As the cleavage 
fragments are in general shorter than the asbestos fibers they are likely to be more readily 
removed by macrophages than the asbestos. On the other hand, the solubility difference 
between cleavage fragments and fibers is not known, although Ilgren (2004) suggests 
greater solubility of cleavage fragments. However, it is possible that fibers, because they 
could split apart, would have greater surface areas and might be more soluble than 
cleavage fragments of the same dimensions. This would mean that they would have greater 
lung biopersisteiice than fibers. On this basis, long cleavage fragments would have the 
potential to pose a lung cancer/mesothelioma risk if cleavage fragments had the same 
biological potency as asbestos fibers of the same length.

In fact this is not a real problem because the biopersistence of the amphibole fibers is 
known to be very high. Even if there were long cleavage fragments, their large diameters 
would reduce the risk compared to asbestos and their retention would be highly unlikely to 
render them more hazardous than the asbestos fibers. In this regard, it should be noted that 
the sample FD14 from the NY deposit did contain elongated particles that ranged up to 50 
um in length (Griegner and McCrone 1972) and did not produce mesothelioma.

Conclusions about cleavage fragments from some of the other experiments are somewhat 
limited because, for example, the sample of Greenland non-asbestiform tremolite studied 
by Wagner et al. (1982) had no fibers greater than 10 um in length and less than 0.25 um in 
width. The sample FD 275-1 did not contain any particles longer than 10 um in length and 
no particles with a width less than 1 um. Stanton (1973) showed that riebeckite
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(crocidolite) asbestos, pulverized to the state where 80% of the mass of fibres was in the 
size range less than 10 pm in length, produced a “negligible incidence” of mesotheliomas 
in pleural implantation studies.

While it is reassuring that none of the samples of non-asbestiform tremolite have produced 
elevated rates of mesothelioma in experimental animals, it is unfortunate that systematic 
studies have not been done to determine whether cleavage fragments of the same lengths as 
asbestos fibers produce the same risks as doses have generally been measured on a mass 
basis and not on the basis of number of fibers or cleavage fragments of particular lengths. 
An obvious problem with cleavage fragment studies is that in order to achieve similar 
numbers of long thin fibers, to the tremolite asbestos in the dose, there would have had to 
be a very much larger mass of cleavage fragments injected, and that alone would have 
produced difficulties in animal survival. There do not appear to be cleavage fragment- 
related increases in lung cancer or mesothelioma risk in the studies. The lack of risk may 
be related to the fact that workers in those industries are not exposed to high concentrations 
of long cleavage fragments and the fact that because of their diameters such fragments 
would carry a much lower carcinogenic potency than their equivalent asbestiform mineral.

Our review of the experimental literature did not reveal any findings which would indicate 
that cleavage fragments have the same or greater carcinogenic potential than asbestos. In 
fact, they indicated that amphibole cleavage fragments have a much lower carcinogenic 
potential than their asbestiform counterparts by many orders of magnitude. In conclusion, 
there are still many unanswered questions relating to the extent to which the asbestiform 
habit of a mineral influences its biological behavior relative to that of a cleavage fragment 
(size for size). But the experimental data do provide strong support for the 
epidemiological findings that the risks of lung cancer and mesothelioma are considerably 
less [or absent] for persons exposed to amphibole cleavage fragments when compared to 
persons exposed to amphibole asbestos fibers.



OTHER AMPHIBOLES AND OTHER MINERALS

A search of the literature for studies containing both health outcomes and descriptions of 
exposure to cleavage fragments failed to identify additional studies that would be of 
immediate assistance in examining the health risks associated with cleavage fragments. 
The review did identify studies such as that in Finland where the percentages of 
asbestiform tremolite and cleavage fragments and fibrous wollastonite and cleavage 
fragments of wollastonite were characterised in metamorphic limestone and dolomite 
mines (Junttila et al. 1996). However, epidemiological studies to relate to the 
environmental studies do not appear to be available. The exposure to “Federal fibers” in 
quarrying industries and coal mines with their large workforces would be of interest. There 
were experimental studies and health evaluations of arfvedsonite asbestos in Russia 
(Kogan et al. 1970, Pylev and Iankova 1975). There were well described studies of 
crocidolite-exposed populations, but no health studies of workers exposed to non- 
asbestiform riebeckite have been identified.

There are potentially other populations of workers exposed to the hundreds of other 
minerals (e.g., erionite; fluoroedenite), which can occur with a fibrous morphology. There- 
is some information on mesothelioma risks for some of these minerals, but no studies were 
found of populations exposed to the non-asbestiform fibers of these same minerals.

Wpile the gaps in knowledge concerning the US studies need to be filled, a broader base 
of information would be helpful. In the absence of well defined occupational groups 
exposed to well- characterised cleavage fragments with well studied health outcomes, it 
may be useful to consider non-occupational settings.'In some of these areas, there are 
definite concentrations of pleural calcification and definite areas of elevated rates of 
malignant mesothelioma. Perhaps mapping the geographical distribution of mesothelioma 
in various countries such as Southern Europe, New Caledonia and the Mediterranean 
region might identify clusters of cases which might be investigated for asbestiform 
amphibole exposure and non-asbestiform amphibole exposure in for example, case- 
comparison studies.
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TABLE 1

THE DIAMETERS OF ASBESTIFORM AND NON-ASBESTIFORM AMPHIBOLES

“FIBER” REFERENCE PERCENT DIAMETER > 
0.25 pm

Amosite Gibbs & Hwang [1980] 28% - 42% (> 0.3 pm)

All amphiboles [Homestake 
Gold mine]

Virta et al [1983]. 100%

Taconite - Grunerite & 
Actinolite [ East Mesabi 
Range]

Wylie [1988] 100%

Asbestiform Tremolite 
[Swansea]

Lee[1990] 76%

Non-asbestiform tremolite, 
[Alada Stura, Italy]

Lee [1990] 98%

Non-asbestiform tremolite 
[Greenland]

Wagner & Berry [1969] 100%

All amphiboles [N.Y. State] Kelse and Thompson 
[1989]

100%



TABLE 2

PROPORTION OF TREMOLITE PARTICLES LONGER THAN 10 urn AND 
NARROWER THAN 3 pm FROM MILLED BLOCKY (PRISMATIC), ACICULAR, 
FIBROUS, AND TREMOLITE ASBESTOS STRATIFIED BY ASPECT RATIO USING 
PETROGRAPHIC MICROSCOPY§.

Aspect
Ratio

% <3:1 
Non-

regulatory

% 3:1 to 
5:1

% >5:1 to 
10:1

% >10:1 
to 20:1

% >20:1 
to 50:1

% >50:1

Non-Asbestiform Tremolite Particles (cleavage fragments)
Blocky 87 6.5 5 1 0.5 0
Acicular 87 4 6 3 0.5 0
Fibrous 57 18.5 18.5 5.5 0.5 0

1 Asbestiform Tremolite
Asbestos 1 48.5 6.5 13 13.5 13.5 5
Asbestos2 53.5 3.5 14.5 12 13 4.5

Non-regulatory designates particles that do not meet the length >5 urn, width <3 um, and
aspect ratio >3 criteria

§ Modified from Table 2 of Campbell et al. 1979.



TABLE 3

MESOTHELIOMA/LUNG CANCER EXPERIENCE - NON-ASBESTIFORM 
GRUNERITE* workers and negative NON-AMPHIBOLE controls

STUDY
POPULATION

FOLLOW-UP
PERIOD

Cohort N 
(% dead)

N mesothelioma /
N DEATHS 
(PMR)

Lung cancer: O/E = 
SMR (95% Cl)

Non-asbestiform Grunerite Cohorts (latest follow-up)

Homestake Gold 
Miners 
(Steenland & 
Brown 1995)

Follow-up 1977- 
1990

3328
(46.6%)

0/1551=0
7*# 115/101.8 = 1.13 

(0.94-1.36)

Reserve
Taconite Miners 
(Higgins et al. 
1983)

More than 1 year 
in period 1952- 
1976

5751
(5.2%)

0/298
15/17.9=0.84(0.47-
1.38)

Erie Mining of 
taconite (Cooper 
et al. 1992)

> 3 months 
<1959, Erie- 
Minntac mine, 
1947-1959

3431
(30.8%)

1#
0/1058 = 0 62/92.2 =

0.67(0.52-0.86)

TOTAL ' 12510
(23.2%)

0/2907=0 192/211.9 = 0.91

Negative Comparison: Hematite Iron Ore without amphiboles

Hematite mining 
in Minnesota 
[Lawler et al. 
1985].

> 1 year 
employment 
before 1966. 
Follow-up 1937- 
79.

Ugd 4708
(55%)
Surface
5695
(36%)

0/2642 = 0
0/2057 = 0

117/117.6=1.00(0.83-1.20)
95/108 = 0.88(0.71-1.08)

* It is recognised that these workers were also exposed to non-asbestiform hornblende and actinolite
# Exposure began only 11 years before death making it unlikely that this mesothelioma is related to 
work in the taconite mine. He was previously a locomotive fireman and engineer.
*# There were seven cases [4 cancers of the peritoneum and 3 other respiratory cancers] in categories 
that might include mesothelioma but no mention of mesothelioma on the death certificate or other 
evidence to support diagnoses of mesothelioma. No mention of mesothelioma was found in a review of 
deaths from lung cancer or other non-specified cancer, or “categories which at time include 
mesothelioma” [Steenland & Brown 1996].



TABLE 4

MESOTHELIOMA /LUNG CANCER EXPERIENCE-GRUNERITE (AMOSITE) 
ASBESTOS EXPOSED WORKERS

STUDY
POPULATION

T

FOLLOW-UP
PERIOD

No. IN 
COHORT 
(%
mortality)

No. meso / No. 
DEATHS = PMR

Lung Cancer:
Obs/exp = SMR 
(95% Cl)

Arhosite mining 
(Sluis-Cremer et 
al.il 992)

Miners 1945- 
1955. Follow-up 
to 1986

3212 
(20.2%).

4/648 = 0.6% 26/18.8= 1.38 (0.97- 
1.91) . .

Aitiosite
Insulation 
manufacturing 
(Acheson et al. 
1984)

1945-78: Follow
up to 1980.

4820
(6.9%)

5/333=1.5% 61/29.1 =2.10 (1.62- 
2.71)

Amosite 
insulation 
manufacturing 
(Seidman et al.
1986; follow-up 
of Seidman et al. 
1979)

1941-1945; more 
than 5 year 
latency; follow
up to 1983

820 - 
(72%)

6/593=1.01%
(death certificates) 
17/593=2.9%
(Best evidence)

102/20.51 =4.97 
(4.08-6.1)

Amosite 
insulation 
manufacturing 
(Levin et al.
1998)

1954-1972, >10 
years latency; 
follow-up to 1994

755
(29.4%)

6/222=2.7% 35/12.6=2.77 (1.93- 
3.85)

TOTAL 9607
(18.7%)

21/1796=1.2% 224/81=2.77

!



TABLE 5

LUNG CANCER SMRs BY CUMULATIVE EXPOSURE EXPRESSED AS 
Fiber/mL-yrs FOR NON-ASBESTIFORM GRUNERITE [Steenland & Brown 1995] 

AND ASBESTIFROM GRUNERITE EXPOSURES [Seidman et al. 1986].

Non-Asbestiform Grunerite f Steen land & Brown 19951
MPPCF- 
yrs *

<33.3 33.3-
133.3

133.3-
200

>200

•

Fiber/mL 
-yrs **

<4.8 4.8-
19.5

19.5-
29.2

>29.2.

SMR 1.17 1.01 0.97 1.31

Asbestiform Grunerite f Seidman et al 1986
Fiber/mL 
-yrs **

<6 6-11.9 12-24.9 25-49.9 50-99.9 100-
149.9

150-
249.9

250+

SMR 14/5.31 
= 2.64

12/2.89 
= 4.15

15/3.39 
= 4.42

12/2.78 
= 4.32

17/2.38 
= 7.14

9/1.49 = 
6.04

12/1.32 
= 9.09

11/.94 = 
11.7

* Dust days in table II of the paper by Steenland and Brown 1995 (i.e.: 1 day at 1 mppcf was converted to 
dust years by dividing by 240 days per year [i.e. 48 weeks x 5 day week).

* * MPPCF-yrs converted to f/cc-yrs using a factor of 1 mppcf = 0.146 f/mL. The conversion is based on the
average concentration of “fibers” greater than 5pm and particles measured by the midget impinger and 
reported by Gilliam et al. (1976) i.e.: 0.25f/mL divided by 1.7mppcf
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TABLE 6
LUNG CANCER AND NONMALIGNANT RESPIRATORY DISEASE (NMRD) 

MORTALTY (SMR) AMONG TALC WORKERS

AUTHOR YEARS Lung Cancer 
SMR

Lung Cancer 
Mine 
SMR

Lung Cancer 
Mill
SMR

NMRD
Overall
SMR

NMRD
Mine
SMR

NMRD
Mill
SMR

Mesothelioma

NY
Brown et 
al(!979)

1947-59 
Follow-up 1975
119% mortality

9/3.3=2.73
(1.25-5.18)

-

8/2.9=2.76
(1.19-5.13)

Other 5/1.3 ■ 
3.85(1.25-8.96)

■

0

NY
Lamm et al. ■ 

(1988)

- 1947-78
> 1 -year tenure 

.14.8% mortality

6/3.1=1.93
(0.71-4.20)

7 / 2.5 = 2.78 
(1.11-5.72) -

NY
Honda et 
al.(2002)

j >1 day tenure 
1948-1989

31/13=2.32
(1.57-3.29)

18/46=3.94
(2.33-6.22)

7/5.5=1.28 (0.51- 
2.63)

28/13=2.21
(1.47-3.20)

10/4.2=2.41
(1.16-4.44)

0

NY
Brown et al. 

(1990)

; 1947-1978; 
follow-up 1983; 
23% mortality

17/8.2 = 2.07 
(1.20-3.31)

17/6.8 = 2.50 
(1.46-4.01)

0

1 21 yr tenure 9/4.7 = 1.91 
(0.88-3.64)

11/3.8 = 2.89 
(1.45-5.18)

.
Vermont 

Selevan et 
al.(1979)

, 1940-1975; 
>l-yr tenure 
before 1970;

; 23% mortality

1

6/3.69=1.63
(0.60-3.54)

5/1.15=4.35
(1.41-10.1)

2/1.96=1.02
(0.12-3.68)

V

11/3.67=3.0
(1.50-5.36)

2/1.23= 1.63 ' 
(0.20-5.87)

7/1.72=4.07 0

Other=l 1/1.79= 
6.15

(3.07-11)

Other*
2/0.56 = 

(0.43-2.89)

Other =7/0.89

7.87
(3,15-16.2)

«

Italy
Coggiola et al. 

(2003)

21 yr, 1946-1995 
■49% mortality

44/46.9 = 0.94 
(0.68-1.26)

33/30.9 =
1.07

(0.73-1.50)

11/16= 0.69 
(0.34-1.23)

127/55.7= 2.28 
(1..9-2.72)

105/34.4= 3.05 
(25-3.7)

22/21.3 = 
I..04

(0.65-1.57)

0

France
Wild et al. 

(2002)

: 1945-1995, 
>I-yr;

27.5% mottality

21/17=1.23
(0.76-1.89)

26/24.6= 1.06 
(0.69-1.55) 

Pneumoconiosis 
3/0.5=5.56 
(1.12-16.2)

, ■

Wild et al. 
(2002)

972-1996, >1- 
/r;
12.4% mortality

7/6.6=1.06
(0.43-2.19)

1/3.7=0.27
(0.01-1.52)

0

Norway 
Wergeland et al 

(1990)

*l-yr; miners 
944-1972; . 

.8.7% mortality 
>2-yrs millers 
935-1972;
30.5% mortality.

SIR: 6/6.49 = 
0.92

(0.34-2.01)

SIR: 2/1.27 = 
1.57

(0.19-5.69)

SIR: 4/5.22 = 
-0.77

(0.21-1.96)

Diseases of 
Respiratory System 

SMR:
3/10.9 = 0.28 
(0.06-0.80)

SMR:
1/2.5 = 0.40 
(0.01-2.23)

SMR: .
2 /8.5 = 0.24 
(0.03-0.85)

0

\

1 i



Table 7
MESOTHELIOMA/LUNG CANCER EXPERIENCE -NON-ASBESTIFORM 
ANTHOPHYLLITE AND ANTHOPHYLLITE ASBESTOS MINERS AND

TREMOLITE ASBESTOS

STUDY
POPULATION

FOLLOW-UP
PERIOD

N in
COHORT 
(% deaths)

PMR
JMesothelioma 
/ total deaths)

Lung Cancer SMR (95% 
confidence intervals)

Talc workers,
NY State.
[Honda et al.
2002]

White men 
actively
employed >1 day 
between 1948 and 
1989 and alive in 
or after 1950. 
Follow-up 1950 
thru 1989

809
(27%)
Mill = 377 
Mine = 311

2/209=
0.96%*

31/13=2.32(1.57-3.29)

Mill: 7/5.5=1.28 (0.51-2.63) 
Mine: 18/4.6=3.94 (2.33-6.22)

Norwegian talc 
workers 
(Wergeland et 
al, 1990)

Miners >1 yr 
1944-1972;
Millers >2 yrs 
1935-1972; 
Follow-up 1953- 
1987

Total (M) 
389

(30.1%)
94 miners 
(28.7%) • 

295 millers 
(30.5%)

0/117=0%

0/27=0%

0/90=0%

Incidence (SIR): 
6/6.49=0.92(0.34-2.01)

2/1.27=1.57

4/5.22=0.77

Finnish 
anthophyllite. 
asbestos miners 
Karjalainen et al. 
.(1994)
Meurman et al. 
(1994) '

> 3 mos 1953- 
1967; Follow-up 
1953-1991

999
(59.4%)
M = 736 
(68.3%)
F = 167 
(53.9%)

4/593
(0.7%)
M = 4/503 
(0.8%)
F=0/90 (0%)

Incidence: SIR
M: 76/26.4 = 2.88(2.27-3.6) 
Heavy Exp: 3.15(2.37-4.09) 
Mod Exp: 2.35(1.45-3.58)

Vermiculite 
miners, Libby, 
MN. [McDonald 
et al 20041

> 1-year before 
1963, followed 
to 1999

406
70.2%

mortality

12/285 = 
4.2%

44/ 18.3 = 2.40(1.74-3.22)

South Carolina 
Vermiculite 
McDonald et al 
(1988)

<6 months 1971- 
1986, followed to 
1986

194 .
51/194 = 

27.8% 
(>15 yrs 
latency

0/51 =0% 4/3.31 = 1.21 (0.33-3.09)

* See text. Cases were not considered to have resulted from work at the talc mine. One case had latency of 15 
years and one was a draftsman during construction only.

r



TABLE 8

Dimensions of elongated particles associated with various amphibole exposure industries 
studied experimentally and/or epidemiologically.

Cohort Width (pm) Length(um) Reference
Libby vermiculite; 
tremolite asbestos

46% <0.25 62% >5 Langer et al. (1.974)

Homestake gold mine

(CG = cummingtonite- 
gmnerite)
(TA = tremolite- 
actinolitc)
(GM = geometric mean)

69% CG: GM= 
0.43
15% TA: GM = 
0.27

34% >5

32% >5

Brown et al. (1986)

0% <0.25 
minimum 0.3 
mean 1.1

Mean 4.6
Max 17.5

Virta et al. (1983)

Taconite 0% < 0.25 
min 0.25 mean 
1.2

Mean 5.5
Max 32.4

Wylie (1988)

Vanderbilt tremolitic talc 0% <0.25 Kelse and Thompson 
(1989)

Experimental Studies
Korean tremolite 
asbestos >5 um L

44.7% <0.25 11.8%>5 [1.9] Addison (2004) Davis 
et al. (1985)

Californian white 
tremolite asbestos (Davis 
and Addison, 1981)

50%<0.25 14.9%>5 [3.2] Addison(2004)

Swansea tremolite. 
asbestos (Davis et al. 
1991)

8.2%<0.25 33.6%>5 [1.0] Addison(2004)

Italian tremolite (Davis 
et al, 1991)

13.3%<0.25 9.7% >5 [0.27] Addison (2004)

Greenland tremolite 
(Wagner, 1982)

0% <0.25
\

100% <10 Wagner and Berry 
(1969, 1982).

Domie,Scotland 
tremolite Davis(1991)

13.7% <0.25 22.5% >5 [0.1] Addison (2004)

Shinness tremolite,
Davis (1991)

13.8%<0.25 10.6% >5 [0] Addison (2004)

Ferro-actinolite asbestos Median: 0.24 
Range: 0.03-5.2

Median: 1.50 
Range:0.3-52.5

Coffin et al. (1982)

UICC Amosite Median: 0.22 
Range: 0.02-4.1

Median: 1.8 
Range:0.15-378

Coffin et al. (1982)

Figures in [] = % >5pm and less than 0.25pm. Addison(2004) provided figures from Davis et al. (1991), 
calculated from the fiber numbers in the doses used in the.experiments by Davis et al.
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FIG. 1. Lung cancer and mesothelioma mortality in cohorts of workers exposed to Non-Asbestos Amphiboles 
(Homestake Gold Mine, Taconite Mines), No Amphibole as a negative control (Hematite Mine) and Grunerite 

(Amosite) Asbestos as a positive control (insulation factory and amphibole asbestos miners).

C1 = Steenland and Brown 1996 
C2 = Higgins et al. 1983 
C3 = Cooper et al. 1992

UG, AG ■ underground and aboveground Hematite (Lawler et al. 1985)

A1 = Acheson et al. 1984 grunerite (amosite) asbestos insulation factory. 
A2 - Seidman et al. 1986 grunerite (amosite) asbestos insulation factory.. 
A3 = Levin et al. 1998 grunerite (amosite) asbestos insulation factory.
A4 = Sluis-Cremer et al. 1992 amphibole asbestos miners. •

• Lung Cancer SMRs 

■ % meso (n cases/total death = PMR)

........  No effect level for Lung Cancer (SMR = 1)
^ % Mesothelioma in the Asbestos Cohorts

^. Lung Cancer SMRs, Asbestos Cohorts



FIGi 2. Lung cancer SMRs by cumulative exposure (fiber/mL-years) and pneumoconiosis for non-asbestos grune- 
rite (Steenland and Brown 1995) compared to grunerite (amosite) asbestos (Seidman et al. 1986).
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No increased risk of asbestos-related cancer when the SMR is 1 
f/mL-years vs. Homestake pneumoconiosis.



FIG. 3. Exposure-response of lung cancer, other Non-Malignant Respiratory Disease 
(other NMRD) and lung fibrosis by Cumulative exposure (mg/m3-years)

Honda, et al. (2002).

LUNG FIBROSIS

Lung Cancer 
Other NMRD 
Fibrosis
Increased risk of disease when the Relative Risk (RR) 
is > 1.0 and deceased risk of disease when the Rela

tive Risk (RR) is < 1.0



FIG. 4. Exposure-response for lung cancer, mesothelioma and pneumoconiosis among two groups of vermicu- 
hte workers one from Libby, Montana (McDonald et al. 1986) exposed to tremolite asbestos and the other from 
Enoree, South Carolina exposed to non-asbestos tremolite (McDonald et al. 1988). The cumulative exposure is 
plotted against the Relative Risk (RR) either as the Standard Mortality Ratio (SMR) or the Odds Ratio (OR).

------»------ Lung Cancer SMRs, South Carolina

— — Pneumoconiosis Regression, Montana

- - Lung Cancer Regression Analysis, Montana

<s> Increased risk of asbestos-related disease above the line SMR or OR > 1.0 

..................... Reduced risk < 1.0

• Lung Cancer SMR by exposure category in Montana (McDonald et al. 1986)

f
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FIG. 5. Exposure-response trends for lung cancer, non-malignant respiratory disease (NMRD) and pneu

moconiosis by cumulative exposure among workers from France, Austria exposed to amphibole-free talc 

(Wild et al. 2002).

> -■ lung cancer
— — NMRD regression
- — — - pneumoconiosis regression
  Odd Ratio (OR) < no effect observed



FIG. 6. Lung cancer and mesothelioma mortality in workers from New York State and Nonway exposed to talc con

taining non-asbestos amphiboles and vermiculite from South Carolina also exposed to non-asbestos amphiboles 

(Honda et al. 2002, Wergeland et al. 1990, McDonald et al. 1988) and workers from Vermont, Italy, France and 

Austria exposed to amphibole-free talc (Selevan et al. 1979, Coggiola et al. 2003, Wild et al. 2002) compared to 

workers exposed to Montana vermiculite containing tremolite asbestos (McDonald et al. 1986) and Finnish antho- 

phyllite asbestos miners (Karjalainen et al. 1994, Meurman et al. 1994).
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FIG. 7. Experimental animal studies comparing the carcinogenicity of amphibole asbestos and non-asbestos amphi- 

boles in rats using injection or implantation as a route of administration.
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■ The following are all tremolite-actinolite asbestos:

.Unknown Locale, Smith et al 1979 (Trem-Act-1)
California, Stanton et al. 1981(Trem-Act-2)
Minnesota. Coffin et al 1982(Trem-Act-3)
Korea, Wagner at al. 1982 (Trem-Aet-4)
Korea, Davis et al. 1985, Davis et al 1991 (Trem-Act-4)

California, Davis et al. 1991{Trem-Act-6)
Swansea, Davis et al. 1991(Trem-Act-7)

• The following era grunerite (amosite) asbestos:.

South Africa, Coffin et al 1982 (Grun-Am-1)
South Africa, Stanton et al. 1981 (Grun-Am-2)

x The following is a mixture of non-asbestos tremolite and fine asbestiform 
fibers:

Italy, Davis et al. 1991 (Trem-Non-Asb & Asbestiform)

♦ The following are tremolitic talc with talc fibers:

Tremolitic Talc, Smith et al 1979 (Trem-Talc-1) 
Tremolitic Talc, Stanton etal. 1981 (Trem-Talc-2)

▲ The following are non-asbestos tremolite-actinolite:

Tremolite. Smith et al 1979 (Non-Asb-Trem-Act-1) 
Greenland, Wagner et al 1982 (Non-Asb-Trem-Act-2) 
California, Wagner et al 1982 (Non-Asb-Trem-Act-3) 
Dornie, Davis et al. 1991 (Non-Asb-Trem-Act-4) 
Shinnes, Davis et al. 1991 (Non-Asb-Tem-Act-5)
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Non-Asbe‘stos-no‘inhVlati'on risk < 10% meso (Davis et al. 1991)
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FIG. 8. Differences in the percentage of mesotheliomas produced in hamsters after injection at two doses 

of tremolite asbestos compared to tremolitic talc from NY State with various types of non-asbestos fibers. 

(Smith et al. 1979)
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APPENDIX

There is some overlap between this appendix and the main text in order to maintain the 
historical development of knowledge concerning the NY Talc deposit.

NEW YORK STATE TALC

Early NY Talc Studies: Kleinfeld et al. (1967) conducted a PMR mortality study 
among 220 talc miners/millers with 15 or more years of exposure in 1940, with follow-up 
to 1965. There were 28 deaths (31%) attributed to pneumoconiosis and complications and 
a PMR of 3.44 for 9 deaths from lung cancer and 1 from fibrosarcoma of the pleura. 
Kleinfeld et al. (1967) also reported that in a small group of asbestos insulation workers 
with similar years of exposure, the asbestos workers had about twice the proportion of 
lung cancer deaths (24% Vs 11%) and the significant excess was in both the 40-59 and 
60-79 year age groups. This is “at variance” with the talc workers where the excess was 
only in the 60-79 year age group (PMR = 4.36) and a deficit (PMR = 0.96) in the 40-59 

. year age group. Overall, lung cancer mortality among the asbestos insulators was 2.5 
times higher than among the talc workers, 8.43 versus 3.44

tKleinfeld et al. (1974) added 4 more years of follow-up (to 1969), 40 more workers in the 
cohort (for a total of 260), 17 more total deaths (for a total of 108) and 3 more respiratory 
cancers (for a total of 13). Similar results to the 1967 study were obtained with the only 
significant excess of respiratory cancers in the 60-79 age range (PMR = 4.61) and not in 
the 40-59 year age group (PMR = 1.63). The authors thought it was noteworthy that the 
significant excess respiratory cancer mortality was in the years 1945-1959 (PMR = 3.37) 
and not in the years 1960-69 (PMR = 1.35) when dust counts were appreciably reduced 
but fiber counts (fibers/mL >5 um) remained high. Ten of the 13 respiratory cancer 
deaths occurred in workers exposed 15-24 years (and about the same latency). The 
authors suggested a more susceptible group develops cancer between 15-24 years leaving 
a less susceptible group in spite of more years of exposure. The size of the cohort is too 
small to confirm this hypothesis. There was one case of peritoneal mesothelioma but no 
information regarding latency or other work exposures.

Exposure was characterized as predominantly talc admixed with silicates such as 
serpentine, tremolite, carbonates and a small amount of free silica. Exposures were quite 
high before 1945 when both pneumoconiosis and lung cancer cases began working. Wet 
drilling began after 1945, which reduced mine levels from 818 to 5 mppcf. Exposures 
were lower in the mill than the mine prior to 1945, but after 1945 were not reduced as 
much as in the mine and were now 5 times (or more) higher than in the mine. Workers ' 
with lung disease had initial exposures prior to 1945 before wet drilling began and when 
average dust counts in the mine were 818 (83-2800) mppcf for drilling and 120 (2-475) 
for mucking. In the mill, averages were 180, 69, 92 and 151 mppcf for crushing, 
screening, milling and bagging. After 1945 (1946-1965) average dust counts were



reduced to about 5 mppcf in these jobs in the mine and in the mill averages were 
generally below 50 mppcf.

Kleinfeld et al. (1973) studied 39 workers exposed to commercial talc dust where 
tremolite and anthophyllite were the major fibrous components. They also examined 16 
talc samples from different mining and milling operations as well as finished products 
from NY State. Analyses included polarized LM, TEM with selected area diffraction, X- 
ray diffraction and electron microprobe analysis. No data are provided on distribution by 
fiber sizes. The point is made that there was no correlation between fiber count (fibers > 5 
urii) and mean dust counts (mppcf). Particles observed included “true talc, talc fibers, 
serpentine minerals and after fragments, and amphibole fibers and fragments.” Fiber 
counts “may not provide a true picture of exposure to asbestiform minerals because the 
fiber counts include talc fibers but exclude many small asbestos fibers and ‘aggregate 
fibers’ which may contain substantial amounts of asbestiform minerals.” The electron 
micrographs of amphibole fibers present in talc suggested amphibole cleavage fragments. •

NY Tremolitic Talc

Brown et al. (1980) reported the dimensions of fibers determined by electron microscopy. 
Only 3% of tremolite fibers and 8-10% of anthophyllite fibers were longer than 5 pm; 
median lengths were about 1.5 pm. Median aspect ratios of 7.5 and 9.5 were reported for 
all fiber lengths of tremolite and anthophyllite. Data were not provided on aspect ratios 
for fibers' > 5 um counted using phase contrast microscopy.

There then began a series of mortality studies of workers at the Gouveneur talc mine and 
mill in NY state (GTC) (Brown et al. 1979 1980 1990, Stille and Tabershaw 1982 Lamm 
et al. 1988, Gamble 1993, Honda et al. 2002, Oestenstad et al. 2002). The extensive 
literature on GTC talc centers on three major issues that started with the first NIOSH 
mortality and industrial hygiene study of GTC workers.

Is 'the reported excess SMR for lung cancer due to the alleged asbestiform amphiboles in 
the talc or due to confounding? Confounding factors could include other work exposure 
(primarily in the surrounding mines/mills), from life-style factors such as smoking or 
short-term employees.

r
Is the tremolite and anthophyllite content of the talc non-asbestiform cleavage fragments 
or is the talc contaminated with tremolite asbestos and anthophyllite asbestos?

1fIs there biological plausibility that the tremolitic talc acts like asbestos producing 
asbestos-fike effects in animal studies?

Epidemiology of Health Effects of GTC Talc: Brown et al. (1979, 1980) studied 398 
white males first employed 1947-1959 with vital status determined as of 1975. There was 
a 2.73-fold excess risk of lung cancer. Risk increased with increasing latency with SMRs 
of 2.00 and 4.62 at 10-19 and 20-28-yrs latency, which was said to be “consistent with an
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occupational etiology.” There was no analysis by years worked although 4 / 9 cases had 
worked less than 1 year. Smoking was considered unlikely to account for all the increased 
risk by Brown et al. (1979,1980). Exposures in surrounding mines and mills were higher 
but all were said to involve exposures to “asbestiform amphiboles.” Exposures to 
“asbestiform tremolite and anthophyllite stand out as the prime etiologic factors 
associated with the observed increase in bronchogenic cancer.”
Stille and Tabershaw (1982) studied 655 white males employed 1948-1977 with vital 
status determined at the end of 1978. Lung cancer was only significantly elevated among 
employees with any prior employment history . There was no analysis by years worked 
and latency was not taken into account.

Because of these conflicting findings, Lamm et al. (1988) reanalyzed these data. They 
studied 725 male talc workers who had ever worked at Vanderbilt since the plant opened 
in 1947 through the end of 1977 with follow-up through 1978. Previous employment 
obtained from job applications were classified as posing a prior risk, no prior risk or 
unclassifiable (no indication of prior work history) with regard to risk of lung cancer. 
Among those with more than 1-year employment the SMRs for lung cancer and non- 
infectious, non-neoplastic respiratory diseases were 1.93 and 3.70 respectively, compared 
to 3.00 and 0 for those with less than, l-'year duration. Adding prior exposure history to 
the analysis showed that lung cancer risk appeared to be related to prior employment. The 
SMRs were similar for all job risk categories, although the number of cases was too small 
to be definitive. Mean latency was 20.8 years (12-25) and all those with less than 20 
years latency since being hired at GTC had worked elsewhere. Five of the 12 cases had 3 
months or less employment. The authors conclude the increased risk of lung cancer in 
this cohort of talc workers is concentrated in short-term workers, probably due to prior 
employment, smoking or other differences in behavioral characteristics.

At the request of RT Vanderbilt and Company, NIOSH conducted a health hazard 
evaluation (HHE) of the GTC cohort (Brown et al. 1990). Eight years of follow-up 
(through 1983) and an analysis by latency and tenure were added to the retrospective 
cohort study. Nearly a third (27%) of the cohort had died, with 161 total deaths and 17 
jung cancer deaths witli an overall SMR of 2.07. About 50% of the cohort had worked 
less than 1 year. Among the 13 lung cancer cases with 20 or more years latency, there 
was a 3.6-fold excess in the 8 cases with less than a year tenure Vs. a nonsignificant SMR 
of 1.79 among the 5 cases with >l-year tenure. There were also 17 NMRD deaths with an 
overall SMR of 2.50 (1.46-4.01). Six of the cases had worked for less than 1 year with an 
SMR of 1.94 (0.72-4.28). There was a 3-fold excess (SMR 2.89; 1.45-5.18) among those 
with more than 1-year tenure. This pattern for NMRD is “more consistently associated 
with an occupational exposure at GTC.” Principal limitations in this study were small 
size (especially those with long tenure), inability to precisely characterize past 
occupational exposures at GTC or elsewhere, and lack of reliable smoking history. The . 
authors concluded it is unlikely these potential confounders alone could account for the 
observed excess risks.

Gamble (1993) conducted a case control nested in the Brown et al. (1990) cohort. 
Information was collected on smoking, time, exposed to talc plus a risk ranking on non
talc exposure. There were 22 cases and 66 controls matched on date of birth and date of 
hire. There were zero nonsmokers among the cases (91% smokers, 9% ex-smokers)
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compared to 27% nonsmokers, 73% smokers or ex-smokers among controls. Inverse 
trends were consistently observed by years worked for different subsets of the study 
population; e.g., all cases and controls, smokers only, those with >20-years latency, total 
tremolitic talc years. The author concluded that “after adjustment for.. .smoking and the 
postulated role of very high exposures of short-term workers, the risk ratio for lung 
cancer decreases with increasing tenure.” The time occurrence of lung cancer was 
consistent with a smoking etiology, and was not consistent with an occupational 
relationship.

Finally, Honda et al. (2002) assessed cancer and non-cancer mortality among white male 
GTC talc workers. The cohort analyzed for cancer mortality consisted of 809 workers 
employed 1947-1989 and alive in 1950. The cohort analyzed for non-cancer mortality 
consisted of 782 men employed during 1960-1989. The important additions in this study 
wjere 6 more years of follow-up (through 1989) and internal exposure-response analyses 
with cumulative exposure to talc dust as the exposure variable. Overall mortality 
continued to remain elevated at 1.31 ((209/160) due largely to 2.32-fold excess from lung 
cancer (31/13) and 2.21-fold excess in NMRD (28/13). The patterns are consistent with 
previous results, in particular with the inverse lung cancer trends from the nested case- 
control study (Gamble, 1993) and the inverse relationships for NMRD and lung cancer 
reported by Lamm et al. (1988). Honda et al. (2002) reported that among workers with 
>20-years latency, there was a 3.3-fold excess lung cancer for <5-years tenure and 1. 9- 
fold excess for >-5 years tenure. For other NMRD (COPD + pneumoconiosis and 
excluding pneumonia, influenza, asthma, emphysema and bronchitis) the SMRs were 
2.71 and 3.02 respectively. The internal comparisons by cumulative exposure (mg/m3- 
yrs) and adjusted for age and latency, showed a significant monotonic decrease in lung 
cancer risk with increasing exposure with a RR of 0.5 (0.2-1.3) in the highest exposure 
category. Mortality from ‘other NMRD’ and pulmonary fibrosis showed monotonic 
increases in risk as exposure increase. Risks were increased 2-fold and 12-fold increased 
risks in the highest exposure categories (Figure 3).

There were 2 cases of mesothelioma, but because of too short latency in one case and 
minimal exposure for a short time, Honda et al. (2002) considered it unlikely that 
exposure to talc ore was the cause.

Because of too short latency, Honda et al. (2002) concluded that the cause of the 
in'creased lung cancer mortality in the cohort is unclear, but speculated that it could be 
due in part to smoking or “other unidentified risk factors.” They suggest it is unlikely to 
be related to talc ore dust per se. Other NMRD (and in particular fibrosis) were 
considered causally related to talc ore dust, other dusts in other work environments and 
smoking. This conclusion is supported by the differences in years worked and median 
cumulative exposures among decedents with these three causes of death and the inverse 
ElR trend for lung cancer (Table A1).
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TABLE A1

Exposure differences between cases of lung cancer, Other NMRD and Fibrosis in NY talc
workers (Honda, 2002)

Lung Cancer Other NMRD Fibrosis

Median Yrs worked 1.0 8i3 11.8

Median Cumulative 
Exposure (mg/m3- 

days)

347 . 1199 3759

These results are not at all consistent with the dust causing fibrosis being responsible for 

the lung cancer excess.

Summary of Results from studies of NY Talc Workers

The cohorts studied before 1979 by Kleinfeld and colleagues worked in talc mines in St 
Lawrence County, NY. After 1978 the cohorts were comprised of workers at the 
Gouvemeur mine and mill, some of whom had previous employment in other mines in St 
Lawrence County, NY (Table A2).

The authors of the two NIOSH studies of GTC talc (Brown et al. 1979, 1980,1990) 
concluded that the tremolite and anthophyllite were the most likely etiological agents. 
This conclusion is based on the following logic.

The excess risk of lung cancer and NMRD were consistent With the findings of Kleinfeld 
et al. (1967, 1973) among NY talc workers and Meurmann et al (1974, 1979) among 
anthophyllite asbestos miners.

The etiological agents were considered to be “asbestiform tremolite and anthophyllite," 
which were said to be in both talc ores at concentrations well above standards.
Smoking could not account for the excess lung cancer risk. Short-term workers may have 
had "very high exposures, especially in the early years of the mining operation," which 
might account for their excess risk (Brown et al. 1990). There was an increased risk of 
developing pleural changes (including pleural thickening and pleural calcification), and 
the prevalence is higher when there is exposure io anthophyllite (Dement et al. 1980).

The lack of an association with years worked could be due to a combination of factors 
above plus work in other talc operations and/or other work-related exposure to lung 

carcinogens.
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Many of these arguments have been contradicted by further analyses.

✓ ' ' *J '

Kleinfeld et al. (1967) compared lung cancer risk patterns of talc workers with 
(apparently) their own data for a similar group of asbestos insulation workers. The 
asbestos PMRs were 2-3 times higher among the asbestos workers for lung cancer and 
GI cancers. Kleinfeld et al. commented that a major difference was the increased risk of 
lung cancer in age groups of40-59 and 60-79 among asbestos workers, but excesses for 
talc workers were among only the 60-79 age group. In addition, longevity of talc miners 
was longer than the national average. Age at death among the talc lung cancer cases was 
3-years greater than the average of all deaths and 10-years greater than the U.S. 
average. The talc lung cancer cases occurred in persons exposed before wet drilling was 
introduced. Wet drilling reduced mean exposures 164-fold from an average of 818 mppcf 
to 5. Kleinfeld et al (1967) suggested part of the reason for the earlier deaths of asbestos 
cases compared to talc cases "may be partly due to the greater carcinogenicity of 
asbestos dust or to an increased level of exposure to asbestos or both. ”

There was excess mortality among the NY talc workers, but considerably less than the 
risk of asbestos workers exposed in the same time period. It is not possible to directly 
compare risks from the Kleinfeld et al. (1974) cohort with that of the GTC cohort. The 
Kleinfeld et al. cohort et al is older, had worked decades earlier than the GTC cohort, and 
consisted of workers with more than 15-years tenure and 40+ years tenure. Vanderbilt 
workers included many short-term workers with 26-years as the maximum possible years 
worked and no analysis by years-worked (Brown et al. 1979,1980). In addition, overall 
mortality was over twice as great in the Kleinfeld et al cohort, i.e., 42% Vs. 19%. When 
stratified by years worked in subsequent follow-ups there were 2 cases with > 20-years 
tenure (SMR = 1.82) and 5 cases with > 10-years tenure (SMR = 2.17) (Brown et al,
1990). Gamble (1993) reported risk ratios less than 1.0 for lung cancer cases with > 15- 
years tenure and adjusted for smoking. These data are suggestive of a different mortality 
pattern of GTC talc workers compared to the Kleinfeld talc cohort.

Smoking. Further updates of the GTC cohort revealed that all of the lung cancer cases 
were or had smoked cigarettes, while only 73% of controls had ever smoked. Also, 
snioking latencies for GTC cases was consistent with latency from studies of smokers.
Talc latencies were too short to attribute lung cancer etiology to talc exposure or work 
(Gamble 1993). This is particularly true for short-term workers where the risk of lung 
cancer was highest and talc exposure (or most any work exposure including asbestos) too 
short to be plausible. Risk among workers with more than 1-year exposure way increased 
about 2-fold compared to the US population. This degree of increased risk is in large 
part plausibly attributable to smoking.

High Exposure of Short-Term Workers. Gamble (1993) matched on date of hire in the 
nested case, control study of lung cancer. Thus, cases and controls had equivalent 
opportunities for very high exposures. Six of the lung cancer cases had less than 3- 
months tenure, several with only a few days, so there were very few opportunities for 
excessive cumulative exposure. Honda et al (2002) showed that lung cancer cases had 
lovyer exposures than other subgroups. For example, median cumulative exposure of lung 

i
i
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cancer decedents was 347 mg/m3-days, which was less than all decedents (520), 
ischaemic heart disease decedents (376), allNMRD decedents (888), other NMRD 
decedents, pulmonary fibrosis decedents (3,759). Thus there is no evidence to support the 
speculation that excessively high exposure in short-term workers could explain their 
increased risk.

Pleural Changes. Gamble etai. (1979a, b, 1982) showed that the prevalence of pleural 
changes in GTC talc workers was essentially the same among other workers exposed to 
talc containing no measurable quantities of amphiboles. Thus it would appear that the 
pleural thickening observed in NY talc workers and other talc workers is likely due to 
factors other than exposure to amphiboles.

Exposure-response (E-R): The inverse exposure-response trends with duration of 
exposure were present when adjustments were made for other talc exposures and 
potential exposure to other work-related carcinogens (Gamble 1993). The inverse E-R 
trends for lung cancer and cumulative exposure are strong arguments against attributing 
increased risk of lung cancer to talc exposure. This argument is further strengthened by 
the very strong exposure-response relationship between fibrosis and cumulative talc 
exposure as well as the higher exposure of NMRD andfibrosis cases compared to lung 
cancer cases (Honda et al. 2003).
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TABLE A2

Summary of results for Lung Cancer and Mesothelioma from studies of NY Talc 
workers. All but two of the studies (Kleinfeld et al. 1967,1974) were the same cohort of 
GTC workers.

Reference Study Characteristics Lung Cancer Mesothelioma
Kleinfeld et al. 
(1967)

220 NY Talc Miners > 15 yrs tenure 
in 1940; 1965 follow-up, 91 total 
deaths, PMR

PMR=3.44 (1.65-6.3)
(11 deaths)

1 peritoneal
mesothelioma
(1.1%)

Kleinfeld et al. 
[1974)

260 NY Talc Workers > 15 yrs in
1940 or between 1940-1969; 108 total 
deaths, PMR, follow-up of Kleinfeld 
et al (1967)

PMR resp cancer =3.24 
(1.72-5.54) (12 lung 
cancer, 1 fibrosarcoma of 
>leura) V

1 peritoneal
mesothelioma
(0.93%)

Brown et al. 
[1979,, 1980)

398 WM employed GTC 1947-1959, 
follow-up 1975; 18%< 1 month, 24% 
lmos-6 mos, 50% < 1 yr; 44% <1950;

9/3.3 = 2.73(1.25-5.18) 
(p<0.05); 4 <l-yr tenure

1/74= 1.4% (16-y 
talc tenure, 11 yrs 
construction)

StiHe &
Tabershaw 1982)

J

655 WM employed GTC 1948- 1978, 
vital status 1978;

10/6.4= 1.57 (10 obs)
Prior employment=2.14 (8 
obs))
No prior work = 0.76 (2 
obs))

Lamm et al.
[1988)

• (

705 men employed GTC 1947-end 
1977, vital status 1978

.

12/5=2.40(1.24-4.19)
>1 vr

6/3.1=1.93(0.71-4.20) 
prior risk = 3.08(6/2)

<1 vr
6/1.9=3.160.16-6.88) 
prior risk=3.33 (3/0.9)

1 electrician 15-yr 
latency; 20-yrs prior 
as miner, miller, 
construction

Brown et al.
(1990)

710 WM employed at GTC 1947- 
1978 with vital status 1983;

17/8.2=2.07(1.20-3.31) 
>20-vrs latencv

Not reported,

<l-yr = 3.64(1.54-7.04) 
1-9-yrs = 0.83(0.02-4.57) 
10-19-yrs = 4.0(0.54-16.1) 
20-36-yrs = 1.820.21-6.36)

Gamble (1993)

'

22 lung cancer cases at GTC 1947- 
1978 matched 3:1 on data of birth and 
date of hire.

OR lung cancer
Tenure Smokers >20-y latency
< 5 yr 1.0
5-15 yrs 0.63
15-36 yrs 0.42

Honda et al.
(2002)

109 WM talc workers employed GTC 
1948-89 follow-up
Cancer: 1950-1989 
'Jon-cancer mortality = 1960-1989

■

mg/m3-d RR (n)
<95 1.0(11)
<987 0.8 (9)
987 + 0.5(9)
Hired . <1955
SMR 2.86(0.9-4.1)
Hired >1955
SMR: 0. (0.2-2.4)

2 cases not 
considered causal 
due to short latency, 
3ase 1 & very low 
exposure. Case 2 
'3.7%)

Pn' = pneumoconiosis
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4. Review financial statement 
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a. ASTM Quarry Method test protocol

b. Response to EPA regarding naturally occurring asbestos / El Dorado Hills
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• NSSGA J

c. Meetings with key EPA Headquarters staff

• Potomac Communications Group

• Briefing tools s

• Support from other entities

d. NIOSH activity

e. Pending publication of three science study, papers to update literature

f. MSHA proposed rulemaking - October 2006

g. Projects remaining (see summary)

h. Additional briefings needed

i. Timeline

J. Financial implications / budget review

6. Discussion

7. Adjourn
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ABSTRACT

Experimental animal studies comparing asbestos and non-asbestos varieties of tremolite indicate tremolite asbestos 

is markedly more carcinogenic. By direct analogy, the differences in carcinogenicity between tremolite asbestos and 

non-asbestos prismatic tremolite should be the same for the other types of amphibole that also crystallize in the 

asbestos and non-asbestos habits. The earliest of the experiment animal studies, done more than 25 years ago, have 

design limitations by modem standards including the use of injection or surgical implantation as the route of 

administration rather than the more relevant route of inhalation. However the differences in the carcinogenicity of 

amphibole asbestos and non-amphibole asbestos are sufficiently large to be clearly discemable even with the study 

limitations. Together with later studies on these and related minerals, there is strong evidence of a much lower 

hazard associated with the shorter, thicker fibers of the non-asbestos amphiboles, than is found for the asbestos 

analogues of the same mineral. It is possible that the non-asbestos amphiboles are no more hazardous than other 

silicate minerals widely considered nuisance dusts.

INTRODUCTION

We will define some basic asbestos terminology to clarify the terms used. The glossary in ‘The 

Health Effects of Mineral Dusts’ produced by The Mineralogies] Society of America (Guthrie & 

Mossman 1993) has the following definition: “Asbestos is a term applied to asbestiform varieties 

of serpentine and amphibole, particularly chrysotile, ‘crocidolite’, ‘amosite’, asbestiform 

tremolite, asbestiform actinolite, and asbestiform anthophyllite. The asbestos minerals possess 

asbestiform characteristics”. The Mineral Society’s glossary goes on to define asbestiform as: 

‘an adjective describing inorganic materials that possess the form and appearance of asbestos.
s

When applied to a mineral, the term ‘fibrous’ is applied when it.‘gives the appearance of being
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composed of fibers, whether the mineral actually contains separable fibers or not’ (Veblen and
i vWylie 1993). Asbestiform is a subset of fibrous, where asbestiform implies relatively small fiber 

thickness and large fiber length, flexibility, easy separability, and a parallel arrangement of the
tfibers in native (unprocessed) samples. Often, asbestos fibers occur in bundles, i.e., they are 

often polyfilamentous. From the definition it is clear that not all fibers or fibrous minerals are 

asbestiform and not all fibrous minerals called asbestiform are asbestos.

A convention has developed that a fiber is any particle with an aspect ratio equal to or greater 

than 3:1. This stems from the fiber definition in the early UK and US fiber counting methods

(Asbestosis Research Council 1969, Asbestos Textile Institute 1971, Langer et al. 1991); it could
!just as easily have been 5:1 or 10:1. In using these methods, the microscopist had to make a 

decisipn to count or not count a particle depending on whether the shape and size met certain 

size criteria. The decision was more easily and consistently made for particles with aspect ratios 

just higher or lower than 3:1, and much more difficult with the higher aspect ratio thresholds. 

Similarly, a minimum fiber length of 5 pm was arbitrarily introduced for a fiber to be counted by

these methods.
!

The inclusion of the abundant short fibers (less than 5 pm length) in the count would have made 

it much less consistent or reliable. Since the aim of the fiber counting rules was to differentiate 

between asbestos and total particles aspect ratio and length cut-off chosen was one that produced 

consistency and not the ratio or length that might have had greater toxicological significance. By 

convention then, for a fiber to be counted it has to have an aspect ratio equal to or greater than 

3:1 and a length equal to or greater than 5pm (and in some rales a diameter less than 3 pm, e.g. 

WHO 1985).This counting strategy has nothing to do with a definition of asbestos per se; it is 

simply helpful to microscopists doing fiber counting method. Since fiber counting analysis is 

performed using a phase-contrast light microscope at a magnificatidn of400-450x, the minimum 

width that can be counted is 0.2-0.25 pm.
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Many non-asbestos particles, including non-asbestos amphiboles and other minerals can have 

aspect ratio greater than 3:1, but that does not make them ‘asbestos’ even though they are 

technically fibers. However, it does mean that they would be counted as if they were an asbestos 

fiber when seen in the course of a count of fibers in a membrane filter sample of airborne dust.

In addition, asbestos will produce asbestos dust particles that mostly have aspect ratios equal to 

or greater than 3:1, but it will also produce particles that have lower aspect ratio. That does not 

mean that these low aspect ratio particles are not asbestos, but simply that they would not be 

counted as asbestos in the membrane filter method. The same is true for asbestos fibers with 

lengths shorter than the 5 pm minimum specified in the fiber counting method.

The adoption by some scientists and regulatory agencies of the fiber counting protocol using a 

3:1 aspect ratio and a length of S pm or greater as being in some way a definition of asbestos has 

no scientific basis. It has been useful an improved metric when compared to just counting 

particles for assessing workplace exposure to airborne fiber dust leading to better 

epidemiological correlations between asbestos exposures with disease.

MINERALOGY

Tremolite is one member of the calcic amphibole group of minerals that all possess similar 

crystal structures, basic chemical formula, although the various crystal forms have profoundly 

different physical properties. The group is characterized by a crystal structure described as a 

double chain of silicon oxide tetrahedra that is common to all members of the group. Within this 

chain structure are between 7 and 8 metal cations allowing wide range in elemental composition 

that still maintains the basic crystalline form (Deer et al. 1997). This has produced the large 

number of named variants or species within the amphibole group (Leake et al. 1997,2004) 

Actinolite and feno-actinolite are part of a solid solution series with tremolite and differ only in 

the amount of substitution of magnesium by iron.
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All of the amphibole minerals, and particularly tremolite, are very resistant to chemical attack by 

strong acids and bases (Addison & Davies 1990) so that their biopersistence when inhaled would 

be expected to be very high. In addition to the chemical variability there is further variability in 

what is known as the crystal habit of the minerals that may arise independent of chemistry 

(Dorling & Zussman 1987). The habit of a mineral is a description of the way that the crystals 

are commonly formed, and might otherwise be described as morphology.

The most common crystal habit for any amphibole is that called prismatic; elongate prisms with 

a lozenge shaped cross section that grade one way into short stocky prisms and in the other way 

into fine needle-like crystals or ultimately fme hair-like crystals (sometimes known as byssolite). 

The prismatic habit is the normal form for amphiboles in igneous and metamorphic rocks and is 

very widespread throughout the continental crust of the planet. Some amphiboles are also found 

in the habit that is termed asbestiform; this means that they have crystallized as bundles or 

matted masses of extremely fine fibers. The appearance of these forms usually implies some sort 

of secondary modification such as shearing and faulting or hydrothermal alteration. These may 

be found in three types of geological situations; 1) cross-fiber veins where the fibers have filled 

planar! fissures, such as in the riebeckite (crocidolite) asbestos and grunerite (amosite) asbestos 

mines [of South Africa; 2) in shear planes where slip fiber has formed in the plane of movement 

of a fault or shear plane; or 3) as disseminated fiber formed by hydrothermal alteration, such as 

in Libby, Montana (Meeker et al. 2003).

The differences in the manner of the formation of asbestos amphiboles, compared to the
i

prismatic and other forms, have led to subtle differences in the details of the crystal structure 

that, while not sufficient to warrant a different mineral name, nevertheless lead to profound 

differences in physical properties (Langer et al. 1991). The commercial exploitation of the 

asbestos amphiboles depended upon these properties, including their capacity to be readily split 

into long, thin fibers with high tensile strength. These physical differences also lead to
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differences in the size distributions of dusts formed when the minerals are crushed, and arguably 

properties which impact the pathogenic potential of the material, especially their carcinogenic 

properties when these dusts are inhaled. Cleavage planes are planes of relative weakness along 

which certain minerals tend to fracture and are determined by the crystal lattice .geometry. Mica, 

for example, is described as having a single perfect cleavage because it splits easily along the 

silicate sheet structure. Calcite has three perfect cleavages that form perfect rhombohedra when 

the mineral is crushed. Amphiboles have two sets of cleavage planes at 126° to each other and 

parallel to the long axis of the crystals (and parallel to the dominant prismatic crystal faces). In 

addition they also have a cleavage plane on (100).

These are not perfect cleavages; they are not persistent across or along the crystals and tend to 

be more widely spaced than the separations between the fibers of the asbestos amphiboles. The 

prismatic amphiboles, including byssolites, have relatively low tensile strength and the thin 

needle-like crystals fracture easily across the length. They also fracture along cleavage planes 

that are parallel to the length of the crystals. When prismatic amphiboles are crushed a relatively 

small proportion of the fragments foimed are elongate with faces determined by the cleavages 

along which the crystal fractures. These elongate particles will often meet the regulatory size, 

criteria for an asbestos fiber within the asbestos permissible exposure limits, but differ from the 

asbestos fibers in critical ways. The cleavage fragment fibers often show the typical lozenge 

shape cross section as determined by the cleavage faces, at 126° degrees to each other. The 

cleavage fragment fibers tend to be thicker than asbestos fibers because of the spacing of the 

cleavage planes, and for any given length the cleavage fragment fibers are roughly twice as thick 

as asbestos fibers. Very few, if any, of the cleavage fragment fibers longer than 10pm will have 

diameters less than 1 pm. With cleavage fragment fibers the width distribution is much broader 

and width increases with length so aspect ratios tend to be lower and of narrower distribution. In 

overall size distributions the asbestos fibers have a very narrow width distribution and the width
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of fibers is largely independent of length. As a result, the aspect ratio of fibers increases with 

length.

Since the cleavage fragments ancl asbestiform fibers tend to be morphologically defined by 

somewhat different crystal surfaces it is tempting to speculate that this may go some way to 

explaining the apparent differences in toxicological properties as described below.

EXPERIMENTAL ANIMAL STUDIES

Five in vivo experimental animal studies provide information on the variation in carcinogenicity 

of dusts derived from prismatic or non-asbestos tremolite and tremolite asbestos. Davis et al. 

(1985) remains the only inhalation experiment to be carried out using tremolite asbestos. 

Previously, Smith et al. (1979) used a variety of tremolite types for intrapleural injection in 

hamsters; Stanton et al. (1981) used two different tremolites for intrapleural implantations in rats, 

while Wagner et al. (1982) report on three different tremolites for intrapleural injection in rats. 

Later, Davis et al. (1991) used six tremolites of different morphology for intraperitoneal 

injections in rats. If the actinolite and ferro-actinolite amphiboles are included the number of 

studies increases slightly but is still small. Coffin et al. (1978, 1982,1983) and Cook et al. 

(1982); used a fibrous ferro-actinolite in intrapleural injection and intratracheal instillation into

rats. Pott et al. (1974,1989,1991) reported results from intraperitoneal injection of a granular
(iactinolite and (later) an asbestiform actinolite. A lifetime (including exposure to the dams and 

gavage during the neonatal period) oral ingestion study (1% in the diet) in rats of ‘blocky’ 

tremolite did not to show evidence of carcinogenic activity (NTP 1990, McConnell et al. 1983).

Other Studies might also be considered'as contributing to the debate about the relative 

carcinogenicity of amphiboles and their asbestiform varieties. Berman et al. (1995) reviewed the 

size distributions of all of the asbestos dust exposures used in the Institute of Occupational 

Medicine inhalation studies over many years, including the Korean asbestos tremolite, and
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concluded that, while no univariate measure of exposure could be found to predict lung tumor 

incidences, the concentration of total structures longer than 20 pm provided the best fit. 

Furthermore the best estimate for the carcinogenic potency of fibers greater than 0.S pm in width 

was zero. The inhalation and intraperitoneal injection experiments of Davies et al. (1986) with 

long and short fiber amosite, the inhalation studies of various sized chiysotile (Ilgren and 

Chatfield 1998, McConnell et al. 1984, Wagner et al. 1984), and the cell studies of Donaldson et 

al. (1989,1991), Donaldson and Golyasnya (1995), Brown et al. (1986) were aimed at 

understanding the relative importance of fiber length in carcinogenicity and fibrogenicity. Other 

mechanistic studies such as those by Kane (1991), and reviews such as those by Oberdorster & 

Lehnert (1991) and Jaurand (1991), among others also have a bearing on the understanding of 

the different reactions observed between asbestos particles and other particles with the same 

mineral chemistry but different morphology.

. Inhalation Experiments

Davies et al. (1985) exposed rats (SPF male Wistar, whole body exposure) to a commercially 

mined tremolite asbestos form South Korea at concentrations of 10 mg/m3, around 1600 f/mL, 

(>5 pm) for 12 months. Having produced very high levels of pulmonary fibrosis as well as 16 

carcinomas and two mesotheliomas (rarely found in rat inhalation experiments) among the 39 

treated animals the tremolite asbestos was described by them as the most dangerous mineral ever 

studied at the Institute of Occupational Medicine, UK. The Korean tremolite asbestos is the same 

one used later in the intraperitoneal injection experiments (Davis et al. 1991) for which full size 

distributions of the respirable dust were given, as shown in Figure 2.

The important feature of the size distribution of the Korean tremolite asbestos is that the vast 

majority of fibers are less than 0.5 pm in diameter and shorter than 5 pm in length, which is 

typical of asbestos amphiboles. The geometric mean diameter for Korean tremolite asbestos
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fibers Jonger than 0.4 pm was 0.24 pm (SD 1.6) and the mean length was 1.97 pm (SD 2.11) 

which are somewhat longer and thicker than airborne fibers in crocidolite mining (GM diameter 

0.076 pm, GM length 0.98 pm, Hwang & Gibbs 1981).

The high carcinogenicity of the Korean tremolite asbestos was attributed to the much higher 

airborne fiber concentration for fibers longer than 5 pm (1600 f/mL) which was almost twice that 

of the UICC amphiboles at the same 10 mg/m3 dust mass concentration used grunerite (amosite) 

asbestos 550f/mL and riebeckite (crocidolite) asbestos 860 f/mL, Davis et al. 1978). This also is 

a reflection of the finer diameter of the Korean tremolite asbestos.

IInjection and Implantation Experiments

Smith-et al. (1979) injected a range of tremolites and tremolitic talcs intrapleurally into hamsters 

(of unspecified type) at doses of 10 mg and 25 mg. The samples were identified as follows:

;The animals were allowed to survive up to 600 days after which the final survivors were 

sacrificed for necropsy. No tumors were found in the final survivors. The samples used by Smith 

et al. 1979 and described as asbestos or asbestiform produced higher levels of fibrosis and 

numbers of mesotheliomas in the hamsters than those described as tremolite or tremolitic talc. 

Most of the tumors were diagnosed as mesotheliomas.

Campbell et al. (1979) examined some of the tremolites used by Smith et al. 1979 and described 

two of the tremolites (275 and FD72) in more detail. The images of the fibers clearly show FD72
i

(tumor rate 5/23 and 3/13) to be asbestos and 275 (tumor rate 0/31 and 0/34) to be a prismatic

amphibole. This is reflected in the numbers of fibers of length > 10 pm and diameters less than

lpm in the tremolite asbestos, and their absence in the non-asbestos minerals. Similarly, in 
it

tremolite FD72 many more of the fibers longer than 5 pm had aspect ratios greater than 10:1 than

in tremolite 275 (23 — 0, and 19—1 using the petrographic microscope and the Scanning Electron
\Microscope respectively).
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Non-asbestos tremolite 14 (FD 14, tumor rate 0/3S) was later evaluated by Wylie et al. (1993) 

and confirmed to be a tremolitic talc with very few tremolite fibers in the size ranges longer than 

S pm and less than 1 pm diameter.

This study was criticized for being deficient in a number of ways (Federal Register, 1992). In 

particular, the fiber size measurements and fiber characterizations were found to be inadequate 

for the purposes of identification of the materials as tremolite asbestos or prismatic tremolite. 

The later characterizations by Campbell et al. (1979) and by Wylie et al. (1993) improved on the 

original ones and the classification of the mineral types appears established. The higher 

carcinogenicity of those materials described as asbestiform compared to those of tremolitic talc 

or non-asbestos tremolite is without doubt.

Wagner et al. (1982) used a tremolite from the California talc deposits (A), a prismatic tremolite 

from Greenland (B) and a tremolite asbestos from Korea (C, probably from the same source as 

the one in Davies et al. 1985) for a scries of intrapleural injection experiments with SPF 

Sprague-Dawley and Wistar rats and a range of in vitro tests. The rats were 8-10 weeks old 

when injected and were allowed to live out their lives. Median survival times after injections 

were 644,549, and 557 days respectively for samples A, B and C.

The value of the Wagner et al. (1982) injection experiments was impaired by-the poor survival 

rates as a result of infection of the positive control animals injected with riebeckite (crocidolite) 

asbestos. Nevertheless, the tremolite (C) asbestos was the only one the three tremolites that 

showed carcinogenic activity producing mesotheliomas in 14 of 47 rats (30%). Neither of the
r

other non-asbestos tremolites produced any tumors in the 31 and 48 rats used. The fiber size 

data as presented are not amenable to numerical evaluation, but measurements taken from the 

published diagrams show that in the tremolite (C) asbestos about 25% were longer than 10 pm 

and less than 0.6 pm in width. The non-asbestos forms had no fibers at all in that size range
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(Sample A California, or Sample B, Greenland). Table 2 shows Wagner’s figures for the 

numbers of particles, fibers longer than 1 pm, and fibers longer than 8 pm with widths less than 

1.5 pm; the differences are obvious with Tremolite C containing many more long fibers.

The in vitro tests used by Wagner et al. (1982), including mouse peritoneal macrophage lactic 

dehydrogenase (LDH) and B-glucuronidase (BGL) release, cytotoxicity to V79-4 cells and giant 

cell stimulation with A549 cells confirmed the relative toxicity of the different tremolite 

morphologies in vivo. So, while the study remains limited by the poor survival of the positive 

controls, it is nevertheless useful in that it reproduces the general findings of Smith et al. (1979).

Stanton et al. (1981) described a series of 70 experiments where a wide range of different fibers 

were implanted at doses of 40 mg in hardened gelatin on to the left pleural surface of Osbome- 

Mendel rats by thoracotomy. It should be noted that in contrast to intrapleural or intraperitoneal 

injection, the use of the “hardened gelatin” exposure technique literally holds the fibers in 

contact with the target tissue (pleura) and does not allow for potential macrophage phagocytosis 

and clearance of the particles. Therefore this technique may create the highest effective dose of

all of the exposure methods used for assessing the potential carcinogenicity of fibers. Stanton et
1al. 198|l reported on two tremolite asbestos samples from the same lot, described as “in the

Ioptimal range of size for carcinogenesis” and “distinctly smaller in diameter than the tremolite 

fibers used by Smith et al. (1979)”. As they anticipated the two tremolites produced 

mesotheliomas in 21 and 22 animals out of the 28 used, with a 100% tumor probability. The 

tremoljtes contained very high numbers of fibers in the Stanton size range (>8 pm in length and 

<0.25 pm diameter) with 1.63 x 10 8 and 2.76 x 107 respectively in each dose for tremolites 1 

and 2. In addition, the talc (No 6), which produced no tumors in the Stanton study, was actually 

New York State tremolitic talc (Wylie et al. 1993) with 40-50% non-asbestos tremolite and talc 

fibers, in fact the same material as used by Smith et al. (1979) and identified as FD 14. The 

general relationship between the probability of developing a tumor in these experiments and the
li
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common logarithm of the number of fibers > 8pm in length and less than 0.2S jam in diameter 

per microgram of implanted dust was highly significant (Figure 3).

There were however a number of problematical experiments in the Stanton series where tumors 
developed for test materials with no fibers in the critical size range, and one where no tumors had 

developed even with large numbers of critical fibers present. Some of these results were 

attributed to large numbers of fibers with sizes close to the critical range, and others to problems' 

of clumping and fragmentation in the fiber preparations for transmission electron microscopy 

analysis

Figures 3 and 4 show the general relationships developed^ and described by Stanton as highly 

significant, between the numbers of fibers per microgram in the dose and the probability of 

tumor development. The statistical relationships between the fiber numbers in the different sets 

and probabilities of tumor development have not been evaluated but the diagrams show that the 

correlation for the shorter classes of fiber is much weaker than that for the longer fibers. It is 

reasonable to suggest that there must be more short fibers per microgram in the short fiber dusts 

than in the longer fiber dusts so the poorer correlation for short fibers is, if anything, even more 

indicative of their lack of importance in tumor development.

The size distributions given in Stanton et al. (1981) do not make it easy for full comparison 

with other size distributions of known asbestos minerals because the size classification was 

relatively crude and the method of exposure (hardened gelatin) was unique. The two tremolite 

samples however have sufficient numbers of long fibers with diameters less than 0.5 pm to 

indicate that their identification as asbestos is reasonable. The size distributions are somewhat 

unusual for pure asbestos as is seen in Figure 5 which shows Tremolite 2 to have a bimodal 

distribution which suggests that it is actually a mixture of tremolite asbestos and prismatic
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tremolite. Such an occurrence in poor commercial quality tremolite asbestos formations is 

commbn.

Wylie, et al. (1993) re-examined Tremolite 1 and 2 as well as Talc 6 that were used in the 

Stanton studies. They state that Tremolites 1 and 2 are the same material, tremolite asbestos 

from California, with all the characteristics of commercial amphibole asbestos. The two size 

distributions given by Stanton differ somewhat but they are similar and have the appearance of a 

mixed asbestos - prismatic fiber assemblage.

i
In contrast, the size distribution of Stanton’s Talc 6 shows the much thinner, shorter distribution 

(Figure 6) not typical of a prismatic tremolite fiber population even though it consists of40-50% 

tremolite. Talc 6 produced no tumors despite containing more fibers in the “Stanton fiber” range 

than Tremolite 2, and almost as many as Tremolite 1, both of which had a 100% probability of 

producing tumors.

This talc (6), or tremolitic talc, was reported by Wylie et al. (1993) as being identified in 

Stanton’s laboratory notes as Nytal 300- Pure talc is a specific mineral with a closely defined 

chemical composition and crystal structure. Commercial producers however often named their 

products as ‘talc’ even though they contained less than 50% of the mineral talc.

Davids et al. (1991) used six tremolites of differing morphologies in a series of intraperitoneal 

fiber in saline injection experiments with male SPF Wistar rats. These were identified as

follows:
)

1. Tremolite asbestos from Jamestown, California, United States;

{ 2. Tremolite asbestos from Korea;

; 3. Tremolite asbestos from National Coal Board Laboratory, Swansea, Wales, Great 

Britain;
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4. Tremolite, long needle-like crystals from Ala di Stiira, N. Italy;

5. Tremolite, short needle-like crystals from Domie, NW Scotland, Great Britain;

6. Tremolite, prismatic crystals from Shinness, N. Scotland, Great Britain.

The tremolite from Korea was the same material as was used in the earlier tremolite inhalation 

and injection experiments by Davis et al. (1991). The fiber size distributions were assessed by 

counting and measuring 300 fibers of all sizes in a known weight of sample deposited on to a 

polycarbonate filter using Scanning Electron Microscopy. At 10,000 times magnification the 

effective minimum diameter that is visible is 0.1 pm, so the effective minimum length of a 

counted fiber was 0.4 pm. This was followed by the counting and measurement of a further 100 

fibers longer th*" 5 pm. The data were combined to calculate the numbers of fibers in a series of 

length and diameter classes in the 10 mg dose administered to the rats. In addition, the numbers 

of particles (Aspect ratio less than 3:1) were also counted and estimated for each dose.

The rats were allowed to live out their full life span or until they showed signs of debility or 

tumor formation. Statistical analysis of the times at which death from mesothelioma occurred 

was used to calculate survival curves and these were correlated with the fiber doses received by
I a V

each animal.

Table 3 shows the relative hazard ranking, the numbers of mesotheliomas and the fiber numbers 

in the doses. The relative hazard was derived from Cox’s proportional hazards model (Cox & 

Oakes 1984) and is a function of the numbers of animals developing mesothelioma and their 

median survival times. The values given in the table differ from those shown in Davis et al. 

(1991) only in that the hazard is expressed arithmetically as a multiple of the lowest hazard, and 

the fiber numbers are expressed as those in the dose.
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The main conclusions of the study were: 1) that all of the materials appeared to have some 

potential to cause mesothelioma by intraperitoneal injection in rats; 2) that fiber numbers alone 

were not sufficient to explain the differences in response, nor were the fiber numbers in the 

‘Stanton’ fiber class able to fully explain the response; and 3) that the Domie and Shinness 

material would be unlikely to pose a risk of mesothelioma to humans from inhalation of the dust. 

The spontaneous occurrence of peritoneal mesothelioma in male rats of this strain may account 

for the small numbers of tumors found in the animals injected with the latter two dusts (Pott et al. 

1991)]

Coffin et al. (1978, 1982, 1983) and Cook et al. (1982) confirmed that ferro-actinolite asbestos 

has a high potency for generating mesothelioma in rats. In each case the ferro-actinolite asbestos 

had large numbers of fibers in the ‘Stanton’ range. The papers by Coffin and his colleagues were 

based on experiments using intratracheal instillation and intrapleural injection of an actinolite 

asbestos from the Mesabi Range (USA) iron ores in comparison to UICC amosite. The results 

were problematical in that the response from the amosite was lower than expected from previous 

experiments (Stanton et al. 1981). In Coffin et al. (1983) 33.6% of F344 rats injected 

intrapleurally with 20 mg of UICC amosite developed mesothelioma. The response to the 

actinolite asbestos was lower than that from the UICC amosite or amosite in general in terms of 

the mass dose used, but the response relative to the numbers of Stanton fibers was higher. Cook 

et al. (.1982) explained the relatively high response from the ferro-actinolite as resulting from 

shortening and splitting of the fibers in the lungs and on the pleural surface of the rats.

Pott etial. (1988) reported more than 80% of rats with tumors two years after intraperitoneal 

injection of 0.3 mg of a German actinolite although the given size distribution of the actinolite is 

not provided. Pott et al. (1989) then reported 56% of rats with tumors after an injection with 

0.25 mg of (presumably) the same German actinolite. The size distribution is not detailed but 

shows |90% Of the fibers as less than 0.2 pm in length and 10% longer than 4.2 pm. In contrast,

i

\
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when a dose of 4 x 25 mg of ‘granular’ actinolite was used in similar experiments (Pott et al.

1974) no tumors were found.

Grunerite (Amosite) Asbestos Studies

The inhalation and intraperitoneal injection experiments of Davies et al. (1986) used long and 

short fiber amosite asbestos. These were produced from the same bulk batch of amosite, the 

short form by ceramic ball milling and the long by elutriation. Importantly, TEM examination 

showed no loss of crystallinity in the milled short fiber sample. In the inhalation studies rats 

were exposed for one year (224 days in 12 months) to 11.9 and 11.6 mg/m3 of respirable dust for 

the long and short fiber types respectively. The aerosol contained 2,060 and 70 f/mL for fibers 

longer than 5 pm, and 1,110 and 12 f/mL for fibers longer than 10 pm. In the injection studies 

two batches of rats received doses of 10 mg and 25 mg of the respirable dust collected from the 

inhalation experiment chambers using a vertical elutriator.

The results showed that rats exposed to the long fiber grunerite (amosite) asbestos developed 

significantly higher levels of pulmonary fibrosis and more lung tumors than rats exposed to the - 

short fiber grunerite (amosite) asbestos. In fact the animals exposed to the short fiber developed 

no more fibrosis than did the control animals, no pulmonary tumors and only one peritoneal 

mesothelioma that was considered to be unrelated to the dust exposure as the type had previously 

been reported in untreated rats. The animals exposed to the short fiber had significantly higher 

burdens of asbestos in their lungs immediately after the inhalation period, and they remained 

higher throughout the following six months of clearance. The injection experiments produced 

mesothelioma in 88% and 95% of rats treated with 10 and 25 mg respectively of the long 

grunerite (amosite) asbestos, while the short fiber grunerite (amosite) asbestos produced 0% and 

4% (1 animal) tumors with the same respective doses (mass) (Table 4). The short fiber grunerite
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(amosite) asbestos contained about 0.1% of fibers longer than 10 fim and about 2% longer than 5 

jim while the long fiber grunerite (amosite) asbestos contained more than 11% longer than

10 pm and 3% longer than 25 pm. The diameter distributions were very similar with about 50% 

less than 0.5 pm in width.

These {results were taken as an indication that the short fiber grunerite (amosite) asbestos showed 

a much lower relative pathogenicity than the long fiber grunerite (amosite) asbestos.

In Vitro CELL STUDIES

The cell culture studies of Donaldson et al. (1989, 1991, and 1992) Brown et al. (1986) and Hill 

et al. (1995) have generally confirmed the impression that fibers shorter than 5 pm, and indeed 

possibly less than 10 pm, have little pathologic effect other than what might be expected from a 

general respirable silicate mineral dust. Tumor necrosis factor released from macrophages was 

shown to be dependent on fiber length as demonstrated by the long and Short fiber grunerite 

(amosite) asbestos (Donaldson et al. 1992). The same minerals showed that release of 

superoxide anions by macrophages differed significantly (Hill et al. 1995). Since such factors 

are associated with the development of inflammation, pulmonary fibrosis, and tumor formation, 

this supports the view that fiber length is an important element in determining the pathogenicity

of fibers.
i
, OTHER RELEVANT STUDIES

The studies at IOM (Miller et al. 1999a, b and Searl et al.1999) confirm that biopersistence was a 

significant factor controlling the pathogenicity in animals of a wide range of different synthetic 

mineral fibers, but for durable fibers the most important factor was fiber length. The fibers used 

were: glass microfiber, JM 100/475; MMVF 10,21,22 and Refractory ceramic Fibers 1,2, and 

3, from the Thermal Insulation Manufacturers Association repository of size selected fibers; a

> 17
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silicon carbide whisker fiber and the long fiber grunerite (amosite) asbestos as used by Davis et 

al. (1986). In the intraperitoneal injection studies the best correlation with capacity to produce 

mesothelioma was with the in vivo biopersistence factor (derived from measurement of fibers 

before and after intratracheal instillation) and the number of fibers longer than 20pm with 

diameters less than 0.95 pm. In the inhalation studies with the same suite of fibers the pulmonary 

tumor production (lung cancer) was best predicted by a function of the dissolution rate 

(measured in continuous flow through with simulated physiological saline solution) and the 

numbers of fibers in the length range greater than 20 pm with diameters less than 0.95 pm.

DISCUSSION

The main question that has been asked of these studies is to what extent they support the 

hypothesis that the carcinogenicity of fibers depends upon morphology. A second question that 

is being debated to what extent the short mineral fibers contribute to the carcinogenicity in , 

humans. There are limitations to the injection or implantation assessments of carcinogenicity 

that reduce their ability to predict the outcome of inhalation of the same materials by humans 

(US EPA 1986). These include the avoidance of normal defence mechanisms of the inhalation 

process, the unnatural introduction of large doses to sensitive tissue sites, possible clumping of 

dusts introducing even higher doses at some sites, and the reduction of normal lung clearance 

mechanisms. However, the net result of these limitations is to over-estimate carcinogenicity by 

these methods, so that a negative finding is a strong indication that a given mineral dust is 

unlikely to be carcinogenic when inhaled by humans.

The early studies of Wagner et al. (1982) and Smith et al. (1979) are limited by poor survival and 

uninformative size distribution measurements. However, both experiments showed no potential 

for prismatic amphibole fibers to cause tumors by inhalation or by injection. So while limitation 

do exist, they ought not to be seen as grounds for disregarding the results and general concepts
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derived from the experimental animal studies indicating that amphibole asbestos minerals are

carcinogenic while the prismatic amphiboles or cleavage fragments are markedly less active.

|
Some questions have been raised about the interpretation of the Davis et al. (1991) study which 

we will answer. For example, the authors stated that the response from the Shinness fiber was no 

more than would be expected from control animals, and that the non-asbestos tremolites were 

unlikely to pose a specific mesothelioma risk to humans by inhalation. It was suggested that 

these two tumors, with the non-asbestos Shinness dust, were significant since there were no 

tumors among animals in many other experiments from the same laboratory (IOM) (Federal 

Register 1992). The experiments referred to in the Federal Registry were inhalation experiments 

with other asbestos fibers, and that, other than with the Korean tremolite, these have rarely 

produced mesotheliomas in rats. The background mesothelioma incidence is higher when the . 

route of administration is by injection. Furthermore, Stanton et al. (1981) implantation studies
ihave shown a percentage of animals with tumors in the range of 0 to 10% may well be within the 

expected range for a 40 mg dose of mineral particles of any type not introduced by inhalation.

The size distributions of the fiber types show that the tremolite asbestos from different geological 

locales as exemplified by the Californian (Jamestown) sample, are dominated by very much 

thinner fibers than fire prismatic tremolites, as exemplified by the Shinness sample, which 

contain almost no fibers longer than 8 pm and less than 1 pm in diameter. While it is true that 

the response could be explained simply as a dose response to the numbers of Stanton fibers, yet 

this fails to explain all qf the variance in the results between the various growth habits in which
J

tremolite naturally occurs. It is a distinct possibility that, as with Stanton’s experiments, the low 

responses from the non-asbestos Shinness fibers and the Domie fibers are inert dust responses.

A second criticism in the interpretation of these results stems from the high tumorigenicity of the
i

Italian’ (Ala di Stura) tremolite (Davis et al. 1992) This was described in the paper as a spicular
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(the same as acicular, a sub-type of prismatic) non-asbestos variety of tremolite which would not 

be expected to produce tumors; so the high tumor rate has been used to suggest that acicular and 

byssolite amphiboles do indeed have a similar carcinogenicity to the asbestos amphiboles. It has 

been shown that the Ala di Stura tremolite sample contains a sub-set of asbestifoim tremolite 

fibers that appear as extremely long and fine fibers but which, because of the limitations of fiber 

sizing methodology, are not fully expressed in the fiber numbers as reported in the study (Figure 

lb). ■ '

The tumor response from the Ala di Stura tremolite was unusually high compared to the number 

of Stanton fibers in the sample, but an important factor in the response was the timing of the 

mesotheliomas in the life spans of the animals. Two thirds of the rats exposed to the Ala di Stura 

tremolite developed mesothelioma, but very late in life (median survival time was 755 days). In 

contrast the three asbestos samples had much shorter median survival times ranging from 301 

days to 428 days. (The Korean tremolite asbestos had a median survival time of428 days 

compared to 325 days in the earlier study with a 25 mg dose). The median survival time for 

those animals that develop mesothelioma appears to be inversely related to dose, as seen in Davis 

et al. (1991), so the response from this dust could be simply that which might be expected from a 

trace asbestos component in a dust injected into animal at high concentrations.

It was also pointed out in the original report that the tremolite asbestos from Swansea had 

produced a response that was much higher than expected given the number of Stanton fibers in 

the dose. Both the Swansea tremolite asbestos and the Korean tremolite asbestos produced the 

maximum response in mortality but the high Hazard Index of the Swansea asbestos, calculated in 

the statistical analysis, was the result of the much faster tumor induction. It was suggested that 

this may have been the result of a masking of the response to simple fiber numbers by the 

overdose of asbestos forms, and that a multi-dose-response experiment might produce a clearer 

picture of the relative potencies of these types.
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The Stanton studies confirmed the high tumorigenicity of tremolite asbestos and identified the 

Stanton Fiber range, fibers > 8 pm with diameters < 0.25 pm, for which the correlation between 

fiber ^lumbers and mesothelioma generation was highly significant. Had the size classes and 

instillation method been different, the ‘Stanton Fiber’ critical size may well have been different. 

The authors stated that shorter and thicker size classes also correlated with mesothelioma 

potency, and that it should not be assumed that they had no potency. However, as can be seen in 

Figure 7, the numbers of fibers in the different classes are strongly correlated.

So it is to be expected that if the tumorigenicity is correlated strongly with numbers in the long, 

thin class of fibers it will also correlate with the fiber numbers in the shorter classes. That does 

not necessarily imply a causal relationship, and these short fibers may indeed have insignificant 

tumorigenicity. Even particulates that are considered relatively innocuous, e.g. FeO, magnetite 

can produce tumors by injection techniques if the dose is high enough (Pott et al. 1991).

As can be seen in Figure 8 many of the mineral and glass fibers in the experiments had less than 

10 % probability of generating mesothelioma despite having huge numbers of fibers in the 

administered dose in the size range of 4 —8 pm length with no fibers in the longer classes. It is 

noteworthy; the fibrous talc minerals (5 and 7) produced no tumors despite haying large numbers 

of short, thin fibers. The halloysites produced only 5 and 4 tumors despite having among the 

highest numbers of short fibers. Halloysite has the same tubular morphology as chrysotile 

asbestos despite having a little thicker fundamental diameter (0.07 pm). The attapulgites 

(palygOrskite) produced few (2/29) tumors with similarly high numbers of fibers shorter than 8 

pm. However, one long fiber attapulgite has been found by Wagner et al. (1987) to be capable 

of producing large numbers of mesotheliomas in rats by intraperitoneal injection. Both halloysite 

and attapulgite have been described as asbestiform but neither fiber-type is asbestos.
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The size distributions of the various fibers used by Stanton ct al. (1981) are in many cases highly 

unusual but a detailed discussion of all their full fiber size distributions is beyond the scope of 

this paper; some contained no long fibers, some contained no short fibers, some contained no 

fibers thinner than 0.5 pm, and others contained no fibers thicker than 0.5 pm. The tremolites 

however were unusual in having bimodal distributions consistent with a mixture of tremolite 

' asbestos and prismatic non-asbestos tremolite (Figure 5).

One important factor in the Stanton studies that has implications for many other injection and 

implantation experiments is the range and distribution of the results found. There are a large 

number of dusts producing between 0 and 10% mesothelioma in experimental animals even 

though many of these samples contained more than 100,000 fibers per microgram of implanted 

dust. In a 40 mg dose implanted there are 40,000 times more fibers present than in a microgram. 

It is reasonable to conclude that this range of tumor production may be the “normal” background. 

for his mineral dust implantation technique. In addition, Stanton’s implantation controls had a 

2.8% incidence of pleural sarcomas and all controls had an age-adjusted rate of 7.7+4.2%. Also, 

Pott et al. (1991) using intraperitoneal injection stated that tumor rates of below 10% in small 

groups should be regarded as spontaneously occurring or induced non-specifically. The 

background rate of his non-injected controls is 0%, but up to 10% for saline injection controls, 

which is highly significant when compared to non-injected animals.

One implication of this observation would be that the testing of materials by the implantation or 

injection of unrealistically high doses might be useful a screening test for mesothelioma potency 

iri humans by inhalation. In addition; both routes of exposure do not allow for normal 

physiological removal as would be expected after inhalation (McConnell, 1995). The Stanton 

method is particularly problematic in this regard because the fibers are ‘held in place’, i.e. in

icontact with the mesothelium in the gelatin vehicle. For these reasons the methods is very useful 

when a negative result is obtained for the assessment of fundamental differences between fiber-
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types and concepts of carcinogenic activity. But positive results are of limited use as predictors 

of the [risk to humans from inhalation of more general dusts. Furthermore, the doses to which the 

animals are exposed are probably many orders of magnitude higher than would be expected from 

exposure of humans to airborne dust.

CONCLUSIONS

The conclusion that should be drawn from the evaluations of this set of studies is that there is
E

very little evidence of carcinogenicity from exposure of animals to mineral fragments or short 

fibers iformed from normal prismatic amphibole minerals. No positive carcinogenicity has. been 

found with any experiment using non-asbestos amphibole dust (Ugren 2004). Furthermore, when 

genuinely short fiber amphibole asbestos has been used in inhalation or injection experiments 

they have also been shown to have no carcinogenic properties. Evidence from experiments with 

other mineral fibers suggests those fibers in excess of 20 pm and with diameters less than 1 pm 

are necessary to cause cancer. This is probably because such long fibers cannot be phagocytized 

by resident macrophages and therefore, cannot be removed from the lung (Lippmann et al.

2000), This explains the lack of carcinogenicity of cleavage fragment fibers of amphiboles since 

these rarely if ever contain fibers of these critical dimensions.
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Figure 1. Typical prismatic form of amphibole showing main cleavages and 
prism faces. 110

(110) crystal face and cleavage 
plane



Figure lb. Scanning Electron Microscope microphotograph of Ala di Stura 
tremolite showing a large prismatic crystal with cross section with a cross section 
shape determined by (110) crystal faces; also evident are the traces of the (100) 
cleavage planes. Thin asbestiform tremolite fibers with diameters finer than 1 
micron are also visible on the right hand side of the image.
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Figure 2. Length and width distribution of fibers (microns) in elutriated respirable 
dust of the Korean Tremolite Asbestos. This is a typical asbestos fiber si** 
distribution with most fibers less than 5 microns in length and less than 0.5 microns 
in diameter. There are however some thin fibers with length greater than 10 
microns, and some cleavage fragment fibers with diameters greater than 1 micron.

Fiber diameter



Figure 3. The probability of fibre generating a tumour compared to the log of 
numbers of fibre per microgram longer than 8 microns with diameter greater 
than or equal to 0.25 microns. This is the same data as in Stanton et al (1981).

Log no of fibres L>8, D <0.25

♦ Tram ■Syn .Mins A Mins X Glass ODaw Delays

Tremolite: Tremolite
Syn Mins: Synthetic minerals, Silicon carbide, Aluminum oxide, Potassium 
octatitanate
Mins: Minerals, Wollastonite, Talc 
Glass: Borosilicate glass fibers 
Daw: Dawsonite (synthetic)
Clays: Attapulgite, Halloysite 
Asb: Asbestos (mostly crocidolite)

+Asb
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! Figure 4. Probability of fibres generating mesothelioma compared to the 
i numbers of fibres per microgram in dose within the size range of 4 - 8microns 
i long with diameters in the range 0.01 -1.5 microns. Data from Stanton et al 
I (1981)

Stanton et al (1981) data

♦ Tremolite 

■ Synthetic Mins 

A Minerals 

X Glass 

o Dawsonite 

□ Clays 

+Asbestos

Log no of fibres L 4-8, D 0.01-1.5



Figure 5. Length and diameter distribution of Tremolite 2 from the experiments 
of Stanton et al (1981) showing the bimodal distribution of the fibres. Based 
upon the Stanton data.
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Figure 6. Size distribution of Talc 6 using the size data from Stanton et al (1981)



Figure 7. Numbers of ‘Stanton Fibers’ per microgram compared to the 
numbers of fibres in the size range 4 -8 microns long and 0.01 -1.5 microns
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Figure 8. Probability of producing tumor vs number of fibers per microgram in 
' the dose that were longer than 4.0 microns with diameter between 0.1 and l.S 

microns (and no fibers longer than 8 microns). Data from Stanton et al (1981).
I Very large numbers fibers of clay minerals and dawsonite produced relatively 

low response.

+ Crocidolite DClays O Dawsonite X Glass AWollastonite oTalc |Syn. Mins



Table 1. Summary of the samples and results of the toxicological testing of Smith et aL (1979)

Sample Number Descriptor Tumor Incidence Composition

10 mg dose 25 mg dose

14 (or FD-14) Tremolitic talc, New York State, “ 0/35 50% non-asbestos tremolite

275 Tremolite selected from NY

Tremolitic talc

0/34 0/31 95% non-asbestos tremolite

31 Tremolitic talc, unspecified

location in W. USA

1/42 6/30 90% tremolite, possibly asbestiform

72 (or FD72) Asbestiform tremolite,

unspecified location

3/13 5/23 95% tremolite asbestos

72N Asbestiform Tremolite 6/25 11/26 95% Tremolite Asbestos



Table 2.

Tremolitc particles per microgram of injected dose in Wagner et al. (1982).

Sample Non-flbrous Particles

* 104

All fibers x 104 Fibers > 8 pm long

and

<1.5 pm wide x 103

A 6.9 5.1 1.7

B 20.7 4.8 0

C 3.3 15.5 56.1



Table 3.

Results of the Davis et aL (1991) lntraperitoneal injection experiments with tremolites of differing morphologies.

Tremolite
Source

N° of 
Animals

N® of
Mesothelioma

Median 
Survival Time 

(days)

Relative
Hazard

Millions of Fibers 
in Dose Injected

' Millions of fibers, 
(length >8 pm and 

diameter <0.25 pm)

California

Asbestos

36 36 301 346,939 1,3430 121

Swansea

Asbestos

36 35 365 183,673 2,104 8

Korea

Asbestos

33 32 428 51,020 7,791 48

Italy

Non-
Asbestos

36 24 755 1,020 1,293 1

Dornie

Non-
Asbestos

33 4 § 6.4 899 0

Shinness

Non-
Asbestos

36 2 § 1 383 0

§ Insufficient animal death for calculation



Table 4.
Results from Davis et al. (1986) inhalation and intraperitoneal injection 

experiments with long and short fiber grunerite (amosite) asbestos.

' Injection Experiments Long Grunerite

(Amosite) Asbestos

Short Grunerite

Amosite (Amosite)

Dose 10 mg 25 mg 10 mg 25 mg

Number (%) of Animals with

Mesothelioma 21 (88%) 20(95%) 0 1(4%)

Mean Tumor Induction Period 535 520 N/A 837

Millions of Fibers in Dose

Length 25 pm 1731 4327 60.3 150.75

Millions of Fibers in Dose

Length 210 pm 932 2330 10.34 25.85

Inhalation Experiment Long Grunerite

(Amosite) Asbestos

Short Grunerite

Amosite (Amosite)

Number (%) of Animals with

/
Mesothelioma 14(35%) 1(2.4%)

Lung contents (mg)

Immediately after dusting

(Std Dev)

3.57 mg (1.59) 5.64 mg (0.37)

6 months clearance

(Std Dev) 3.08 mg (0.37) 4.47 mg (0.58)

I .
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ABSTRACT

Asbestos fibers are highly fibrous silicate fibers that are distinguished by having a large aspect (length to diameter) 
ratio and are crystallized in an asbestiform habit that causes them to separate into very thin fibers or fibrils. These 
fibers are distinct from nonasbestifoim cleavage fragments this may appear as thick, short fibers which break along 
cleavage planes without the high strength and flexibility of asbestiform fibers. Because cleavage fragments of 
respirable dimensions have generally proven nonpathogenic in animal studies, little data exists on assessing well- 
characterized preparations of cleavage fragments in in vitro models. The available studies show that cleavage 
fragments are less bioreactive and cytotoxic than asbestiform fibers.

INTRODUCTION

'Asbestos' is a commercial and regulatory designation for a family of naturally occurring 
asbestiform fibers. Asbestos fibers are recognized as human carcinogens and also cause pleural 
and pulmonary fibrosis, i.e., asbestosis in occupationally exposed individuals (Mossman et al., 
1990; Mossman & Churg, 1998; Mossman & Gee, 1989). Mineralogical and biological 
differences exist between various types of asbestos fibers, and much research has focused on the 
characteristics of fibers that are associated with the causation of lung disease. The different types 
of asbestos include chrysotile [Mgs SU Om (OH)g], the only asbestos in the serpentine family of 
minerals, and other types of asbestos classified as amphiboles. These include crocidolite [(Na2 
(Fe3+>2(FeJ+)3 Sis O22 (OH>2], asbestiform gronerite or amosite [(Fe,Mg)r Sig O22 (OH)2], 
anthophyllite [(Mg,Fe)7 Sig O22 (OH)2], tremolite [Ca2 Mgs Sig O22 (OH)2], and actinolite [(Ca2 

(MgJFe)s Sig O22 (OH)2 ]. These formulae are indeed ideal, and natural amphiboles differ to 
varying degrees from these as the chemical environment, pressure and temperature at the time of 
formation control the mineral chemistry. Other factors such as shear stresses and directed 
pressures determine whether or not an amphibole that crystallizes is asbestiform. Although 
various types of asbestos are different chemically, structurally and biologically, they are common 
in that they are highly fibrous silicate minerals that are crystallized in an asbestiform habit, 
causing them to separate into thin fibers or fibrils (Klein, 1993; Veblen & Wylie, 1993). In 
addition, asbestos fibers are distinguished by having large aspect (length to diameter) ratios, 
generally from 20:1 .or higher for fibers > 5 microns in length. Smaller fibers (<0.5 microns in 
width) appear by microscopy as very thin fibrils as defined by the American Society of Testing 
Materials in 1990. In contrast, nonasbestifarm cleavage fragments, although sometimes 
elongated with aspect ratios of >3:1 which can be defined as fibers, have widths much larger 
than asbestos fibers of the same length. Though the more common nonasbestifoim analogs of 
asbestos share the same, or essentially the same chemical composition, they do not share the 
same icrystal structure (the crystals form or grow differently).

Cleavage fragments of amphiboles lack the tensile strength of asbestos amphiboles and are 
traditionally regarded by mineral scientists as distinctly different from asbestos fibers, primarily 
based on their morphology, and lack of strength or flexibility. For example, in the report of the 
Committee on Nonoccupational Health Risks of Asbestiform Fibers commissioned by the 
National Research Council (National Research Council, 1984), cleavage fragments were 
categorized as distinctive from asbestiform fibers, i.e.:
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"CLEAVAGE refers to the preferential breakage of crystals along certain planes of structural 
weakness. Such planes of weakness are called cleavage planes. A mineral with two distinct 
cleavage planes will preferentially fracture along these planes and will produce ACICULAR 
fragments. Minerals with one cleavage plane produce PLATY fragments and those with three or
more cleavage planes yield POLYHEDRAL fragments...... Cleavage cannot produce the high
strength and flexibility of asbestiform fibers" (National Research Council, 1984).

These definitions were also recognized by the members of the panel of the Health Effects 
Research-Asbestos Research in their report on Asbestos in Public and Commercial Buildings 
(Health Effects Institute-Asbestos Research, 1991). Because epidemiologic and animal studies 
have not suggested that nonasbestiform amphiboles or cleavage fragments arc pathogenic or 
biologically active, they have not been used in many in vitro models, except as negative or 
nonpathogenic controls for testing of asbestos fibers. Moreover, the results of numerous 
epidemiologic, animal, and in vitro studies, have led scientists to conclude that short asbestos 
fibers (< 5 microns in length) are inactive or much less active biologically than long, thin 
asbestos fibers (ATSDR, 2003; Health Effects Institute-Asbestos Research, 1991). Thus, it is 
unlikely that cleavage fragments of respirable dimensions (i.e., less than 3 microns in diameter)

• will be pathogenic or targeted extensively for in vitro fiber testing in the future. The results of 
limited work with these minerals from our laboratory and others are summarized below.

Advantages and Caveats of In Vitro. Mineral Studies

In vitro studies have been used historically to compare the effects of different types of minerals 
on cells or organ (explant) cultures (Mossman & Begin, 1989). Regardless of cell type, asbestos' 
fibers, in comparison to a variety of other nonpathogenic, synthetic or naturally occurring fibers 
(glass, cellulose, etc.) or particles, have been most biologically active in these models. In 
addition to elucidating the properties of minerals (size, fibrous morphology, surface charge, 
chemical composition, etc.) that are associated with toxicity (cell injury or death), DNA damage, 
proliferation and/or alterations in cell function that may be predictive of their pathogenic 
potential, in vitro studies have shed light on the complex features of bioreactive minerals that 
may be important in reactions with cells and their ability to cause disease. Cell and organ culture 
models are also much more inexpensive than animal testing. Thus, they have been suggested as 
screening tools for new synthetic fibers developed for industry.

However, there are also caveats that must be recognized in in vitro work with minerals. First, 
dependent upon the cells used in these models, cell type and species-specific responses may 
exist. Thus results from lab to lab working with the same mineral might be inconsistent. 
Although the most appropriate in vitro cell types to use in these models are normal cells of 
respiratory tract origin, i.e., epithelial or mesothelial, these are notoriously difficult to isolate and 
maintain in a differentiated state for prolonged periods of time. It also should be acknowledged 
that concentrations of minerals used in short term in vitro assays, where weighed amounts of 
fibers or particles are precipitated on cells, do not mimic normal clearance patterns and long
term dissolution patterns after inhalation into the human lung, factors that are important in 
dosimetry and disease causation (Mossman et al., 1990). Lastly, different minerals are generally 
evaluated in in vitro studies on an equal weight basis, which might be misleading based on the

3
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facts that different weights of dissimilar fiber types or particles may reflect vastly different total 
numbers of fibers and surface areas. Regardless of these caveats, however, in vitro studies have 
helped to establish mechanisms of fiber carcinogenesis and differentiated between responses to 
asbestos fibers and nonasbestiform particles.

Studies Using Tracheal Explants

In comparison to cell cultures, tracheal explant cultures can be maintained for weeks in a 
differentiated state in which the respiratory epithelium is maintained in a normal, mucociliary 
phenotype. We have used this model to show that crocidolite and chrysotile fibers (asbestos) and 
long glass fibers cause squamous metaplasia, a reversible but often premalignant lesion, and 
increased DNA synthesis, a signature of injury and proliferation of fibers that might be important 
in tumor promotion and progression and/or repair (Woodworth et al. 1983). In contrast, the non- 
fibrous mineral analogs .of these asbestos types, riebeckite (similar in chemistry to crocidolite) 
and antigorite (similar in chemistry to chrysotile) failed to induce these changes at a range of 
concentrations and exposure times. Though a number of these riebeckite and antigorite particles 
were elongated, they were thick, short single crystal cleavage fragments. These studies highlight. 
the importance of fibrous geometry, crystal growth and aspect ratio in bioreactivity.

Studies Using Cell Types of Lung or Pleural Origin:

The antigorite and riebeckite preparations used in the Woodworth et al. 1983 study above were 
also evaluated in cell cultures of hamster tracheal epithelial cells (HTE) for their ability to induce 
ornithine decarboxylase (ODC), an enzyme associated with cell proliferation and tumor 
promotion in mouse skin models of cancer, with asbestos fibers (Marsh & Mossman, 1988). 
These studies showed that crocidolite and chrysotile (fibers> 10 microns in length) fibers 
stimulated ODC, but neither of the two nonasbestiform (cleavage fragment) preparations were 
bioreactive. Subsequent studies revealed that both antigorite and riebeckite were less potent than 
crocidolite (asbestos) in stimulating survival or proliferation of HTE cells in a colony-forming 
assay (CFE) in which proliferation was measured directly over a 7 day period in low-serum 
containing medium (Sesko & Mossman, 1989). Experiments in HTE cells also revealed that 
antigorite and riebeckite were less cytotoxic than crocidolite or chrysotile to these cells when 
release of radioactive chromium, a marker of cell damage, was measured (Mossman & Sesko, 
1990). <

Another exciting development in our laboratory was the observation that crocidolite (asbestos) 
generated Reactive Oxygen Species (ROS) which have been linked to cell injury, inflammation, 
mutagenesis, and the development of many cancers, (Shukla et al. 2003). In a study in which we 
isolated alveolar macrophages (AMs) from rodents and measured release of the ROS, 
superoxide, after addition of crocidolite and riebeckite (nonasbestiform analog of crocidolite) to 
these cells, as well as nonasbestiform mordenite (note that all particle diameters and/or fiber 
lengths were measured by scanning electron microscopy), the nonasbestiform particles were 
taken up, i.e., phagocytized, by cells, but were much less bioreactive than crocidolite at 
comparable concentrations, only causing release of superoxide at concentrations 5- to 10-fold
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higher than asbestos in the rat cells and never causing significantly increased release in the 
hamster macrophages (Hansen & Mossman 1987). It should be emphasized that lung epithelial 
cells, mesothelial cells and fibroblasts are target or progenitor cells of lung cancers, 
mesotheliomas and pulmonary fibrosis, respectively, and that alveolar macrophages are 
inflammatory cells that first encounter asbestos and may contribute to and/or alternatively, be 
important in lung defense from pathogenic minerals. This is an important question that has yet to 
be resolved by scientists. However, alveolar macrophages are studied because these cells 
priMimnlate in the lung at sites of deposition of inhaled particles or fibers and responses of 
alveolar macrophages to dusts are known to produce ROS after phagocytosis of minerals. .

In recent years, we have used riebeckite and antigorite preparations as nonasbestiform control 
minerals to determine whether early response proto-oncogene (fos/jun cancer- causing genes) 
(Janssen et al. 1994) or signaling pathways leading to activation of these genes (Janssen et al. 
1997; 7-nnnlla et al 1996; Zanella et al. 1999) are selectively induced by asbestiform, cancer- 
causing fibers (crocidolite and chrysotile asbestos, erionite) in HTE cells, rat lung epithelial cells 
(RLE) and isolates of normal rat pleural mesothelial cells (RPM). These studies have 
consistently revealed that these nonasbestiform minerals are inactive, regardless of endpoint. 
Moreover, they are incapable, in contrast to asbestos fibers, of causing alterations in cell 
proliferation or death in RPM cells (Goldberg et al 1997).

Comparative studies in HTE and RPM cells with well-characterized mineral samples of 
crocidolite and chrysotile (asbestos) and 3 mineral samples containing various proportions of 
fibrous talc have also been useful in illustrating fundamental differences in response to asbestos 
fibers and fibrous talc preparations based on various dose parameters including equal weight 
concentrations, equivalent surface areas and numbers of fibers > 5 microns in length (Wylie et 
al 1997). Using the CFE assay described above to document proliferative potential (increased 
numbers of colonies as compared to untreated control cells) or cytotoxicity (decreased numbers 
of colonies as compared to untreated control cells), exposure of RPM cells to both asbestos ' 
types, but not fibrous talcs, elicited cytotoxicity in RPM cells that was more striking at higher 
weight concentrations of asbestos. In contrast, HTE cells proliferated in response to asbestos at 
nontoxic lower concentrations, but not to fibrous talcs. Since cell responses could not be 
correlated directly with the presence of mineral fibers > 5 microns in length or aspect ratios, . 
mineral type rather than fiber length per se appeared to be a more important determinant of 
bioreactivity. This study suggests that while fiber morphology is important, it is not the only 
factor important in biologic responses. This has also been noted by critics of Stanton’s famous 
pleural implantation studies in rats (Oehlert, 1991) (Wylie et al. 1987).

Studies Using In Vitro Models of Non-Respiratory Cells:

As detailed above, cytotoxicity testing in cells of non-respiratory origin was used decades ago to 
determine differences in fiber-cell interactions and the ability of asbestos fibers to induce cell 
death or lysis. Since dead cells can not give rise to cancers, die extrapolation of these results, 
especially to mechanisms of cancer causation, is questionable. However, studies by Palekar and 
colleagues (Palekar et al. 1979) used sheep red blood cells (RBC) and Chinese Hamster Ovary 
(CHO) cells to test the hemolytic potential and cytotoxicity of 4 samples of cummingtonite- 
grunerite including amosite asbestos fibers, and 3 other samples of various crystallization habits,
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predominantly asbestifoim cummingtonite, acicular cummingtonite ,and aciciilar grunerite. At 
the same surface areas of dose,, these minerals were found to be hemolytic and cytotoxic in this 
same order, again showing the increased potency of amphibole asbestifoim fibers.

SUMMARY AND CONCLUSIONS

i
The results summarized above represent a large body of work showing that nonasbestiform 
minerals are less potent than asbestos fibers in a number of in vitro bioassays. In most assays, 
these cleavage fragments or non-fibrous minerals are virtually inactive. These observations have 
been incorporated into the conclusions of several panel reports that should be recognized by 
regulatory agencies. For example, the HEI-Asbestos Research Panel (page 6-75,1991) 
concluded:

"Good evidence exists that thick fibers (>2 to 3 microns in diameter) are less harmful than thin 
fibere".

"Support for the importance of fiber length in the production of biological effects has been 
obtained from the use of non-fibrous analogues of asbestos and other fibers. In general, these 
materials produce no detectable biological effects, or do so only at high dose levels"
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He has acted as a consultant mineralogist in a large number of areas including vermiculite assessment, the importance 

of the silica minerals in commercial products and has been consulted in a range of legal cases. He has developed and 

provided training courses in the quantitative analysis of asbestos in mineral raw materials, and asbestos training courses 

to the syllabus of the British Examination Board in Occupational Hygiene for clients in the UK and Europe. He is 

currently involved in the development of assessment and remediation of contaminated land, as well as the use of 

microbiological tracing methods for groundwater contamination sites, with business associates in Edinburgh. He is 

author ’of more than 40 scientific publications in books, encyclopedias, scientific journals and technical reports, and has 

presented scientific papers at many national and international conferences

Industrial and other clients have included:
!

F. Hoffman La Roche, Basle Casella London

Dansk Etemit Williams Kastner & Gibbs, Seattle

1
The Vermiculite Association Environmental Contamination Services

Mandoyal UK. Ltd Scottish Courage
i

Cape Industrial Products Dibb, Lupton & Allsop, Sheffield

Skamol (Denmark) McClure Naismith, Glasgow

! Yorkshire Electricity .
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EDUCATION

1958 - 1964 High School of Stirling

SCE 0-level: Latin, Arithmetic

SCE Higher : English, French, Mathematics, Science, Physics, Chemistry,

Geography, Analysis . .

1964-1976 : University of Glasgow

BSc : Pure Science with Honours Degree in Geology 

Subsidiary subjects : Chemistry, Natural Philosophy, Geography,

Mathematics

1969 NERC Research Studentship, Dept, of Geology, University of Glasgow.

Research in geochemistry, petrology, mineralogy of basic and intermediate 

plutonic rocks of Moidart, Inverness-shire; mineralogy and chemistry of 

associated amphibole minerals.

WORK HISTORY

1972 Research Assistant/Assistant Keeper,

Dept, of Geology, Hunterian Museum, University of Glasgow 

Responsibility for display and design of exhibits; curation of rock and 

mineral collection. Teaching mineralogy and petrology in lectures and 

laboratories.

1978-1993 Institute of Occupational Medicine Limited

Head of Mineralogy Section; Chemistry and Mineralogy Group Responsibilities for the identification and 

quantification of minerals in airborne dusts and bulk samples using X-ray Diffractometry (XRD), Infrared > 

Spectrophotometry (IR.), Atomic Absorption Spectrophotometry, Optical Microscopy (OM), Scanning 

Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Energy Dispersive X-ray 

Spectrometry (EDXS).

Managing a section of nine stafT involved in analysis of mineral and dust samples for major research projects 

and on contract to third parties, with general managerial duties, research and budgetary control, research 

programme development and consultancy to clients.

Research involvement in various fields has included:

Asbestos Studies

Identification and quantification of asbestos in relation to airborne dust exposure and airborne dust samples 

(OM, SEM, TEM)

r . ,
Development of methods for identification and quantification of asbestos in bulk samples (OM, SEM) (Dept, 

of Environment and Health and Safety Executive)

Preparation of the Health and Safety Executive Method for the Determination of Hazardous Substances for

Sampling and Identification of Asbestos by Polarised Light Microscopy (MDHS 77)

)Establishment of UK National Reference Asbestos types on behalf of Health and Safety Executive

4
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Evaluation of the release of asbestos fibres into air from disturbance of asbestos contaminated soils (Dept, of 

Environment)

Quantification of asbestos as trace contaminant in soils and loose aggregates (Dept, of Environment & Health 

and Safety Executive)

1 .Determination of tremolite asbestos content of chrysotile, vermiculite, and other minerals (Asbestos Research 

. Council)

Assessment of the toxicology of asbestos in parenteral medications and establishment of analytical methods 

for the determination of asbestos in medical preparations. .

Quantification of asbestos and other minerals in lung burdens recovered from animals exposed during 

, inhalation studies (IR., XRD, SEM)

Analysis of mineral components in respirable dusts generated from bulk samples from UK coalmines (IR., 

XRD)

Evaluation (IR., XRD, SEM) of general mineral dusts for experimental use for toxicity and carcinogenicity 

Assessment of amphibole minerals (asbestifoim and non-asbestiform tremolite) used in carcinogenicity assays. 

Coal and Other Minerals

The shape, size and composition of particles in coalmine dusts (SEM, OM). (Coal and Steel Community 

Health in Mines Programme)

European co-operation in improvements of analysis (IR. and XRD) of minerals in respirable coalmine dusts 

■ (Directorate General - Social Affairs, Commission of the European Communities).

! Epidemiology of diseases in UK'opencast coalmines 

Epidemiology of pneumoconiosis in quarrying industries 

Epidemiology of diseases in heavy clay (brick etc.) industries 

Toxicity Studies

Toxicity of quartz in pure mineral and mixed dust materials 

Experiments on the toxicity of dusts in the London Underground System 

Asbestos Autopsy

Identification and quantification of asbestos in, human lung tissue (SEM, OM, TEM) including asbestos 

j workers and control populations in UK (Asbestos Research Council)

Oil Shale Studies

Analysis (IR. and XRD) of mineral components in oil-shales of Scotland and Colorado (US Dept, of Energy),
t

the geology of UK and US oil shales.

5
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Teaching and instruction Courses

.Instruction in asbestos mineralogy and use of optical microscopy and SEM in identification of asbestos in dust 

and bulk samples.

Development of distance learning programme for Diploma and MSc courses for Occupational Hygienists. 

In-house training courses on.asbestos identification, etc. for major national companies.

Training courses to BEBOH S603 syllabus for asbestos.

Instruction in mineralogy of asbestos in 'Asbestos and Lung Disease - A short course on the problems of 

asbestos for physicians'

Committee Memberships, Conferences etc.

Member of Working Group II of H&SE Committee on Fibre Measurement. Responsible for drafting of 

H&SE methods for asbestos analysis including, MDHS 77, Asbestos in bulk materials; Sampling and 

identification by polarised light microscopy, new methods for fibre discrimination in light microscope fibre 

counting (MDHS87.), methods for the quantitative analysis of asbestos in contaminated land (MDHS 90), 

methods for the survey and sampling of asbestos in buildings (MDHS 100).

Member of Working Group 1 responsible for the oversight of the RICE proficiency testing scheme for 

asbestos fibre counting, the MMMF fibre counting proficiency testing scheme and AIMS the proficiency 

testing scheme for asbestos and other fibres in bulk materials. '

Expert witness and consultant to various companies and individuals in UK and USA with respect to asbestos, 

asbestos lung burden analysis, asbestos in the general environment; asbestos carcinogenicity etc.

Attended and presented papers at international conferences including British Occupational Hygiene Society 

Annual Conference and Inhaled Particles V-VII, VII International Conference on Pneumoconiosis, 1988; 

Asbestos International Association Symposium from 1978, 1986, 1988, 1991 etc.; International Geological 

Congress, Kyoto, 1992,

Member of the Mineralogical Society, London since 1979.

Member of the British Occupational Hygiene Society since 1983.

Member of the Geological Society of Glasgow since 1967.

Referees: Prof. Anthony Seaton Prof. Dr. Donald Kaiser Mr. R.M. Howie
Department of Environmental and F. Hoffmann-La Roche 12 Momingside Road
Occupational Medicine Global Biometrics Edinburgh
The University of Aberdeen Grcnzacherstrasse EH10 4DB
Foreslerhill CH-4002 Basel
Aberdeen Switzerland •
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PUBLICATIONS

Addison J (1997 in press). - Asbestos, Analysis of. in Encyclopedia or Environmental Analysis and Remediation, Ed.
Robert ,!a. Meyers, John Wiley and Sons, New York.

\
Addison J. (1995). Asbestos, Methods of determination: in Encyclopaedia of Analytical Science; Academic Press

Addison J. (1995) Vermiculite : a review of the mineralogy'and health effects of vcrmiculite exploitation. Reg. Tox. 
and Pharm : 21, 397-405.

Addison J. (1994). Vcrmiculite is not asbestos: Report for The Vermiculite Association.

Addison J, Burdett, GJ, Chalfield, EJ, Christiansen, C-P, Gotz, J, Kaiser, D, Kurzs G, Langer, AM, Muhle, H, 
Wachberger, E. (1994). Analytical method for the Determination of Asbestos in Parenteral Medicines. Der Verband 
der Chemischen Industrie, Frankfurt, In Press.

Addison J, Browne K, Davis JMG, Gruber UF. (1993). Asbestos Fibers in Parenteral Medication. Reg Tox and 
Pharm !l 8, 371 -3 8Q,

Addison J, Davies LST, McIntosh C, Porteous R. (1992). Bulk Asbestos Reference Minerals for Optical Microscope 
Identification: Preparation, Evaluation and Validation. Edinburgh: IOM Report TM 90/06.) Final Report to client HSE
Contract No R2490/R48.44.

i 1 r""

Addison J. (1991). Improvements in the analysis of mineral components of coalmine dusts. Final Report on CEC 
.Contract 7260.03.044.08. Edinburgh: Institute of Occupational Medicine Limited. (IOM Report TM/82/22)

Addison J, Asbestos. (1990). In Curwell S, March C, Venables R, Des Buildings and Health. RIBA Publications 
Limited, London.

Addison J, Davies LST. (1990). Analysis of amphibole asbestos in chrysotile and other minerals.. Annals of 
Occupational Hygiene, 34: 159-175.

Addison J, Dodgson J. (1990). The influence of shape, size and composition of individual dust particles on the 
harmfulness of coalmine dusts: Development of Methods of Analysis. Vllth International Pneumoconiosis Conference 
Proceedings; Pittsburgh 1988, 287-290. US Department of Health and Human Services (NIOSH). Publication No. 90- 
108 Parti. )■

Addison J, Miller BG,'Porteous RH, Dodgson J, Robertson A. (1990). Shape, size and composition of coalmine dusts 
in relation to pneumoconiosis in British coalmines. Edinburgh: Institute of Occupational Medicine Limited. (IOM 
Report jTM90/10)!

Addison J, Davies LST, Robertson A, Willey RJ. (1988). The release of dispersed asbestos fibres from soils. 
Edinburgh: Institute of Occupational Medicine. (IOM Report TM88/14).

Addison J, Bolton RE, Davis JMG, Dodgson J, Gormley IP, Hadden GG, Robertson A. (1982). The relationship 
between epidemiological data and the toxicity of coalmine dusts. Final report on CEC Contract 7253-32/8/096. 
Edinburgh: Institute of Occupational Medicine. (IOM Report TM/82/22).

BoltonsRE, Addison J, Davis JMG, Donaldson K, Jones AD, Miller BG, Wright A. (1986). Effects of the inhalation of 
. dusts from calcium silicate insulation materials in laboratory rats. Environmental Research. 39: 26-43.

Bolton"RE, Vincent JH, Jones AD, Addison J, Beckett ST. (1983). An overload hypothesis for pulmonary clearance of 
UICC amosite fibres inhaled by rats. British Journal of Industrial Medicine. 40: 264-272.

Breysse PN, Cherrie JW, Addison J, Dodgson J. (1989). Evaluation of airborne asbestos concentrations using TEM 
and SEM during residential water tank removal. Annals of Occupational Hygiene. 33: 243-256.

Cherrie JW, Addison J, Seaton A. (1991). Asbestos - an introduction. Handbook for asbestos training course. 
Institute of Occupational Medicine and Portsmouth Polytechnic.

Cherrie JW, Addison J, Dodgson J. (1989). Comparative studies of airborne asbestos in occupational and non- 
occupational environments using optical and electron microscope techniques. In: Bignon J, Peto J, Saracci R, eds. 
Non-occupational exposure to mineral fibres. 304-309 Lyon 1989: International Agency for Research on Cancer. 
(IARCIScientific Publication No. 90).

Cullen; RT, Addison J, Brown GM, Cowie HA, Davis JMG, Hagen S, Miller BM, Porteous RH, Slight J, Robertson A, 
Vallyaihan V, Wetherill GZ,' Donaldson K. (1995). Experimental studies on dust in the London Underground with 
special reference to the effects of iron on the toxicity of quartz. Edinburgh, Institute of Occupational Medicine; (IOM 
Report| TM/95/01)
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Davies LST, Wetherill GZ, McIntosh C, McGonagle C, Addison J. (1993). Development and Validation of an 
analytical method to determine the amount of asbestos in soils and loose aggregates. Final Report on HSE Contract No 
2491/R42.46 and DOE Contract No PECD 7/10/234. Edinburgh, Institute of Occupational Medicine.

Davis JMG, Addison J, McIntosh C, Miller BG, Niven K. (1991). Variations in the carcinogenicity of tremolite dust 
samples of differing morphology. Proceedings of the Collegium Ramazzini Symposium, New York, 1990. Annals of 
the New York Academy of Sciences; 643; 473-490.

Davis JMG, Addison J, Brown GM, Miller BG, Jones AD, McIntosh C, Whittington M. (1991). Further studies on the 
importance of quartz in the development of coalworkers pneumoconiosis. Final Report on CEC Contract 7284.33.044. 
Edinburgh: Institute of Occupational Medicine Limited. (IOM Report TM91/05)

Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD. (1986). Inhalation and injection studies in rats using dust 
samples from chrysotile asbestos prepared by a wet dispersion process. British Journal of Experimental Pathology. 67: 
113-129. 1

Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD, Smith T. (1986). The pathogenicity of long versus short 
fibre samples of amosite asbestos administered to rats by inhalation and intraperitoneal injection. British Journal of 
Experimental Pathology. 67: 415-430.

Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD, Miller BG. (1985). Inhalation studies on the effects of 
tremolite and brucite dust in rats. Carcinogenesis. 5: 667-674.

Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD, Wright A. (1984). The pathogenic effects of fibrous 
ceramic aluminium silicate glass administered to rats by inhalation or peritoneal injection. In: World Health
Organization: Regional Office for Europe. Biological effects of man-made mineral fibres. Proceedings of a
WHO/IARC Conference in association with JEMRB and TIMA, Copenhagen 20-22 April 1982. Vol.2. Copenhagen: 
WHO, 1984: 303-322.

Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD, Wright A. (1983). Toxicology of calcium silicate 
insulating materials. Final report on MOD contract NCS 361/71364. Edinburgh: Institute of Occupational Medicine. 
(IOM Report TM/83/01).

Davis JMG, Addison J, Bolton RE, Donaldson K, Jones AD, Wright A. (1983). The pathogenic effects of fibrous 
ceramic aluminium silicate glass on rats. Abstract. In: World Health Organization: Regional Office' for Europe. 
Biological effects of man-made mineral fibres. Report on a WHO/IARC meeting, Copenhagen, 20-22 April 1982. 
Copenhagen: WHO, 1983: 124. (WHO Euro Reports and Studies 81).

Davis JMG, Addison J, Bruch J, Bruyere S, Daniel H, Degueldre G, Dodgson J, Gade M, Gormley IP, Le Bouffant L, 
Martin JC, Reisner M, Robock K, Schliephake RW. (1982). Variations in cytotoxicity and mineral content between 
respirable dusts from the Belgian, British, French and German coalfields. In: Walton WH, ed. Inhaled particles V. 
Proceedings of an international symposium by the British Occupational Hygiene Society. Cardiff, 8-12 September 
1980. Oxford: Pergamon Press, 1982: 541-549. (Annals of Occupational Hygiene; 26).

Donaldson, K, Addison, J, Miller, BG, Cullen, RT, Davis, JMG (1994) Use of short-term inflammatoiy response in the 
mouse peritoneal cavity to assess the biological activity of leached vitreous fibers. Environ. Health Perspect. 102 
(Suppl 5): 159-162.

Donaldson K, Robertson A, Addison J, Waclawski ER, Soutar CA. (1991). Toxicity of quartz in mixed dusts with 
special reference to the London Underground. Edinburgh, Institute of Occupational Medicine Ltd. (IOM Report 
TM/91/03).

Gormley IP, Addison J. (1983). The in vitro cytotoxicity of some standard clay mineral dusts of respirable size. Clay 
Minerals. 18: 153-163.

Howie RM, Addison J, Cherrie JW, Robertson A, Dodgson J. (1986). Fibre release from filtering facepiece 
respirators. Letter. Annals of Occupational Hygiene. 30: 131-133.

. Jones AD, Vincent JH, McIntosh C, McMillan CH, Addison J. (1989). The effect of fibre durability on the hazard 
potential of inhaled chrysotile. Exp. Pathol. 37, 1-4.

Jones AD, Vincent JH, McMillan CH, Johnston AM, Addison J, McIntosh C, Whittington MS, Cowie H, Parker I, 
Donaldson K, Bolton RE. (1988). Animal studies to investigate the deposition and clearance of inhaled mineral dusts. 
Final report on CEC Contract 7248/33/026. Edinburgh: Institute of Occupational Medicine. (IOM Report TM/88/05).

LangerAM, Nolan RP, Addison J. (1991). Physico-chemical properties of asbestos as determinants of biological 
potential. In Liddel FDK, Miller K, eds. Mineral Fibres and Health; CRC Press, Boston..
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Langer AM,.Nolan RP, Addison J. (1991). Distinguishing between amphibole asbestos and elongated cleavage 
fragments of their non-asbestos analogues. In: "NATO Advanced Research Workshop on Mechanisms in Fibre 
Carcinogenisis". Johnson NF Eds. Plenum Press, New York 1991.

Le Bouffant L, Addison J, Bolton RE, Bruch J, Bruyet B, Daniel H, Davis JMG, Degueldre G.Demarez.J, Dodgson J, 
Gormley IP, Hadden GG, Kovacs MP, Martin JC, Reisner MTR, Robertson A. Rosmanith J. (1988). Compared in 
vitro and in vivo toxicity of coalmine dusts. Relationship with mineralogical composition. In: Dodgson J.'McCallum 
RI, Bailey MR, Fisher DR, eds. Inhaled particles VI. Proceedings of an International Symposium and Workshop on 
Lung Dosimetry organised by the British Occupational Hygiene Society in co-operation with the Commission of the 
European Communities, Cambridge 2-6 September 1985. Oxford: Pergamon Press, 1988: 611-620. (Annals of 
Occupational Hygiene; 32 (suppl.l)).

Louw SJ, Addison J, (1985). Studies of the Scottish oil shale industry. Seaton A, ed. Vol. 1. History of the industry, . 
working conditions, and mineralogy of Scottish and Green River Formation shales. Final report on US Department of 
Energy Project DE-AC02-82ER60036. Edinburgh: Institute of Occupational Medicine. (IOM Report TM/85/02).

Nolan, RP, Langer, AM, Addison, J. (1994) Lung content analysis of cases octupationally exposed to chrysotile 
asbestos. Environ. Health Perspect. 102 (Suppl 5): 245-250.

Nolan RP, Langer AM, Oechsle GW, Addison J, Colflesh DE. (1991). Association of tremolite habit with biological 
potential: In "NATO Advanced Research Workshop on Mechanisms in Fibre Carcinogenesis". Brown RC, Hoskins 
JA and Johnson NF Eds. Plenum Press, New York.

Seaton A, Addison J, Davis JMG, Hurley JF, McGovern B, Miller BG. (1987). The toxic effects of silica. A report 
preparetl for the Health and Safety Executive. Edinburgh: Institute of Occupational Medicine. (IOM Report
TM/87/13).

Seaton A, Ruckley VA, Addison J, Brown WR. (1986). Silicosis in barium miners. Thorax; 6; 41: 591-595.

Tylee BE, Davies LST, Addison J. (1996) Asbestos Reference Standards - Made Available for Analysts. Ann. occup. 
Hyg., Vjol 40, No 6, pp. 711 -714.

Vincent JH, Johnston AM, Jones AD, Bolton RE, Addison J. (1985). Kinetics of deposition and clearance of inhaled 
' mineral dusts during chronic exposure. British Journal of Industrial Medicine;-42: 707-715. i
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3

'Research, Scholarly, and Creative Activities 

a. Books

I i. Chapters or Articles in Books:

Gilbert, J. Ann (1967) "Units, Numbers, Symbols and Constants", Encyclopedia of 
Atmospheric Sciences and Astrogeoloev. Rhodes Fairbridge (ed.). Reinholt Publishing

• Company, p. 1049-1062.

Wylie, A.G. (1981) Numerous Mineral Descriptions in Encyclopedia of Mineralogy. K. Frye
* (ed.). Reinholt Publishing Company..

Steel, E. and A. Wylie (1981) "Mineralogical Characteristics of Asbestos". In Geology of 
'Asbestos Deposits. P.H. Riordon (ed.). Society of Mining Engineers of AIME, p. 93-100.

Invited
Veblen, D.R. and A.G. Wylie (1993) "Mineralogy of Amphiboles and 1:1 Layer Silicates" in 
Health Effects of Mineral Dusts. G.D. Guthrie & B.T. Mossman (eds.). Reviews in Mineralogy, 
v. 28, Min. Soc. Am., p. 61-131.

Invited
Wylie, A.G. (1995) "The Analysis of Industrial Mineral Products for Crystalline Silica by 
Optical and Electron Microscopy: A Literature Review". In: Review Papers on Analytical 
Methods. Chemical Manufacturers Association.

Invited
Wylie, A.G. and P.A. Candela (1999) "Metallic Mineral Deposits - Chromite". In GeoL of 
Pennsylvania. Pennsylvania Geol. Survey and Pittsburgh Geol. Survey, Special Publication 1, 
p.588-595.

b. Articles in Refereed Journals

Wylie, A.G. and P.J.M. Ypma (1974) "Determination of the Optical Parameters, n and k, of 
Absorbing Minerals with the Microscope: Isotropic Minerals". Economic Geology 52. p. 
1300-1327.

Wylie, A.G. (1979) "Fiber Length and Aspect Ratio of Some Selected Asbestos Samples". 
Annals of the New York Academy of Science 330. p. 640-643.

/

: Wylie, A.G. (1979) "Optical Properties of the Fibrous Amphiboles". Annals of die New York 
! Academy of Science 330. p. 600-605.

Zoltai, Tibor and AG. Wylie (1979) "Definitions of Asbestos-related Mineralogical 
: Terminology". Annals of die New York Academy of Science 330. p. 640-643.



Wylie, A.G., Candela, P.A. and Burke, T.M. (1987) "Compositional Zoning in Unusual 
Zinc-rich Chromite from the Sykesville District, Carroll County, Maryland". American 
Mineralogist 72. p. 413-423.

Wylie, A.G. (1988) "Relationship between the Growth Habit of Asbestos and the Dimensions 
of Asbestos Fibers". Mining Engineering. November (1988), p. 1036-1040.

Muller, P.D., Candela, P.A. and Wylie, A.G. (1989) "Liberty Complex: Polygenetic Melange in 
the Central Maryland Piedmont". GSA Special Paper 228 Melanges and Olistostrome of the 
U.S. Appalachian J.W. Horton and N. Rast (eds.), p. 113-135.

Candela, P.A., Wylie, A.G. and Burke, T.M. (1989) Genesis of the Ultramafic
Rock-Associated Fe-Cu-Co-Zn-Ni Deposits of the Sykesville District, Maryland Piedmont".
Economic Geology 84. p. 663-675.

Wylie, A.G. (1990) "Discriminating Amphibole Cleavage Fragments from Asbestos: Rationale 
and Methodology". Proceedings of the Vllth International Pneumoconiosis Conference. 
Pittsburgh, p.1065-1069.

Linder, D.E., Wylie, A.G. and Candela, P.A. (1992) "The Mineralogy and Origin of the State 
Line Talc Deposit, Pennsylvania". Economic Geology 87. p. 157-165.

Wylie, A.G. and Bailey, K.F. (1992) "The Mineralogy and Size of Airborne Chrysotile and 
Rock Fragments: Ramifications of Using the NIOSH 7400 Method". American Industrial 
Hygiene Association Journal 53. p. 442-447.

Wylie, A.G. (1993) "Modeling Asbestos Populations: The Fractal Approach". Canadian 
Mineralogist 30. p. 437-446.

Wylie, A.G., Bailey, K., Kelse, J. and Lee, R (1993) "The Importance of Width in Fiber 
Carcinogenicity and its Implications for Public Policy". American Industrial Hygiene Association 
Journal 54. p. 239-252.

Verkouteren, J.R., Wylie, A.G., Steel, E.B. and Lim, M.S. (1995) “Analysis of the 
Tremolite/Actinolite series using high precision refractive index measurements,” Proceedings of 
the 29th Annual Meeting of the MAS, Breckinridge, CO, p.27-28.

Wylie, A.G., Skinner, H.C., Marsh, J., Snyder, H., Garzione, C., Hiodkinson, D. and Winters, 
R. (1997) "Mineralogical Features Associated with Cytotoxic and Proliferative Effects of 
Fibrous Talc and Asbestos on Rodent Tracheal Epithelial and Pleural Mesothelial cells. Journal 
of Toxicology and Applied Pharmacology 147. p. 143-150.



Wylie, A.G. (1988) "The Relationship Between the Growth Habit of Asbestos and the 
Dimensions of Asbestos Fibers". Society of Mining Engineers Preprint #88-85. p.1-7.

Invited
; Wylie, A.G. (1989) "Mineralogical Definitions for Asbestos Fibers and Cleavage Fragments". 
Report of the Committee on Geology and Public Policy GPP012. Geological Society of 
America, p. 2-4.

Invited

Invited
: Wylie, A.G. (1996) "Factors Affecting Risk from Biologically Active Minerals", Proceedings, 
Mineral Dusts: Their Characterization and Toxicology, Washington, D.C. Society for Mining 

' Metallurgy & Exploration, Littletown, Colorado, Sept. 19-20,1996, p. 33-46.

Prestegaard, K., Wylie, A.G. and Piccoli, P.M. (1999) Characterization of Grout Samples at 
i Winding Ridge.” Power Plant Research Program, Maryland Department of Natural Resources.

' Schwartz, C., A.G. Wylie, A. Davis, B. James (2000) “Investigation of the Expansive Behavior 

! of Chromium Tailings: Final Report on Phase II Investigations”.

: Piccoli, P.M., DeHarde, A., Wylie, A.G., and Prestegaard, K. (2000) “Development of a 
, Grout for the Kempton Mine: Characterization (XRD, Chemical Analyses, and SEM/EPMA 

Data) of Starting Materials. Power Plant Research Project Report, Maryland Department of 
: Natural Resources.

e. Abstracts and Professional Papers presented

I
Gilbert, Jean Ann and P.J. Ypma (1969) "The Use of an Electro-Optical Compensator for the 

1 Determination of the Optical Properties of Opaque Minerals Under the Microscope", GSA 
! Annual Meeting, Atlantic City, New Jersey.

i Siegrist, H.G. and A.G. Wylie (1979) "Characterizing and Discriminating the Shape of Asbestos 
Particles", GSA Annual Meeting San Diego, California.

Invited
Wylie, A.G. and P. Schweitzer (1980) "The Effects of Grinding on the Shape of Wollastonite 

: Particles". Symposium on Electron Microscopy and X-ray Applications to Environmental and 
Occupational Health Analysis, Penn State.

j Huggins, C., A.G. Wylie and W. Campbell (1980) "Preparation and Selected Properties of 
Amosite, Chrysotile, Crocidolite and Non-fibrous Tremolite for Use in NIEHS Oral Ingestion 

1 Studies". Symposium on Electron Microscopy and X-ray Applications, Penn State.



Wylie, A.G. (1989) "Distinguishing Tremolite- Asbestos from Tremolite Cleavage Fragments on 
a Light Optical and Morphological Basis", VII International Pneumoconiosis Conference 
Proceeding of Workshop: Hazard Recognition of Mineral Dust Pittsburgh, 
NIOSH-ILD-BOM-MSHA-OSHA.

Wylie, A.G., Linder, D. and Candela, P. (1990) "Sedimentary Features of Appalachian 
Serpentinites". Geol. Soc. of Amer. National Meeting, Nov. (1990), p. A230.

Invited
Skinner, C. and Wylie, A. (1990) "Fibrous Tremolites". Bloss Symposium, VPI, Blacksburg, 
Virginia.

Invited
Wylie, A.G. (1992) The Analysis of Industrial Mineral Products for Crystalline Silica by Optical 
and Electron Microscopy. The Measurement of Crystalline Silica International Symposium, 
August (1992).

Wylie, A.G. (1993) The Fractal Distribution of the Mass of Asbestos Fiber and its Application 
to the Analysis of Industrial Minerals. Geological Society of America Annual Meeting, Boston.

Verkouteren, J.R. and Wylie, A.G. (1994) “Anthophyllite, Tremolite, and Actinolite Asbestos: 
Reference Materials and Optical Properties” Inter/Micro 94, Chicago.

Verkouteren, J.R., Wylie, A.G., Steel, E.B., Lim, M.S. (1995) "Analysis of the Tremolite- 
Actinolite Series using High Precision Refractive Index Measurements". Microbeam Analysis.

Invited
Wylie, A.G. (1996) ‘‘Factors Affecting Risk from Biologically Active Minerals”. Society of 
Mining, Metallurgy & Exploration Symposium. Mineral Dusts: Their Characterizations and 
Toxicology.

Invited
Wylie, A.G. (1997) "The Habit of Asbestiform Amphiboles: Implications for the Analysis of 
Bulk Samples” 1997 Boulder Conference: Advances in Environmental Measurement Method 
for Asbestos. University of Colorado, Boulder, July 13-17(1997).

Verkouteren, J.R. and A. G. Wylie (2001) “Microdiffraction Analysis of Fibrous Talc:
Asbestos in Crayons”. 2001 Denver X-ray Conference, Steamboat Springs, Colorado, USA, 
August 2,2001.

Piccoli, P.M:, DeHarde, A., Wylie, A.G. (2001) “Recycling coal Combustion Byproducts: a 
Laboratory Study to Evaluate Grout Formulations for Use in the Kempton Mine Complex, 
Western Maryland. Geological Society of America, Abstracts with Programs.

Invited
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; Principal Investigator, "Mineralogical Analysis of Road Aggregate Used in Maryland", Maryland 
Highway Administration, $8,089. November 1974-July 1975.

Co-Principal Investigator, "Optical Microscopic Electron Optical and Microprobe 
' Characterization of Asbestos-Related Materials", U.S. Bureau of Mines, $16,645. December 

1975-November 1976.

Principal Investigator, "Serpentines", Faculty Research Board, University of Maryland, $750.
1 Summer 1976.

Principal Investigator, "Optical Microscopic and Electron Optical Characterization of 
Asbestos-Related Materials"; U.S. Bureau of Mines, $11,188. December 1976-November 

1 1977.

Principal Investigator, "Characterization of Asbestos-Related Materials Including Particle Size 
Distribution, Aspect Ratio and Orientation", U.S. Bureau of Mines, $21,437. December 

' 1977-November 1978.

Principal Investigator, "Mineralogical and Size Distribution Studies of Amphibole Asbestos", 
i U.S. Bureau of Mines, $84,200. April 1979-April 1981.

j Principal Investigator, "Dispersion Staining in Optical Mineralogy", Undergraduate Fund for 
Improvement of Instruction, University of Maryland, $700.1982.

\

Principal Investigator, 'Quality Control in the Analysis of Asbestos by PLM", $10,000. Sept 
I 1985-Sept. 1986. Occupational Medical Center.

:. Principal Investigator "Mineralogy of the Sand Fraction of Aquifer in Northwestern 
Washington". United States Geological Survey, $2,450. June-October 1986.

Uriiv. of Maryland General Research Board Semester Research Award, $1,500.1987..

Mineralogy of Waste Product of Sand and Gravel Processing". Aggregate Industries, $12,000.
* 1987-1988.

Characterization and Quantification of Fibrous Tremolite in Tremolitic Talc. Southern Talc 
I Company, $17,000. 1989-1990.

( Principal Investigator, "Mineralogical Characteristics of Fibrous Talc". R.T. Vanderbilt 
Company, $23,500. September 1992-December 1997.

Project Director, "Fellowship for the Study of Industrial Talc". RT. Vanderbilt Company, 
i $33,500. January 1,1993-December 31,1997.

i Co-Project Director, “Research and Laboratory Testing of Chromium Processing Waste at

t



3. Teaching, Mentoring, and Advising

a. Courses taught since 1986 
Course

Approximate Average Enrollment
Physical Geology 150
Economic Geology 10
Optical Mineralogy 6-10
Ore Microscopy 3
Senior Thesis Research 10
Advanced Topics in Economic Geology 14
Geology of Maryland 6
Geology and Public Policy 15
Environmental Geology 60

b. Advising: Research Direction

i. Undergraduate Thesis (beginning 1980) Major Advisor:

1980 'Ed. Jacobsen "Coal Geology of Garrett County, Maryland"

1982 Sharron O'Donnell "Coal Geology of Southwestern Kentucky 
Eric Windsor "Shape Characterization of Amphiboles"
Morris Levin "Characterization of Part of the Sykesville Magnetite District by a 

Magnetometer"
Lyle Griffith "The Use of a Magnetometer in Characterizing the Beasman Prospect, 
Sykesville, MD."
2John Vamdell "Heavy Element and Particle Size Relationships in a Sludge Disposal 

Site, Baltimore, Maryland"
Joe Segretti "Relationship between cytotoxicity and coating of chrysotile fibers”
Mark Beal, A Geologic Evaluation of a Placer Gold Deposit in Southern Fauquier Co., 

Virginia '

1983 Keith Mason "A Preliminary Evaluation of Copper and Cobalt in Conjunction with
Iron Mining in the Beasman Prospect of Sykesville, Md."

Michael D. Jones "Chromium in the Soils and Streambeds above the Hunting Hill 
Serpentinite Body, Montgomery County, Md."

Theresa Baker "Crack Growth in Quartz: The Effects of Chemical Environments"
Mark Hevey "Gas Production and Faulting in Gas Field, Kansas"

1 Winner of the AAPG National Undergraduate Research Award

22nd Place Winner of the AAPG National Undergraduate Research Award
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1988 Robert Virta, M.S., "An Evaluation of the Adequacy of Morphological Data for 
Determining the Carcinogenicity of Minerals"

1990 Dan Linder, M.S., "The Mineralogy and Origin of the State Line Talc Deposit,
Lancaster Co., Pennsylvania"

!
\

1991 Tim Rose, M.S., "Petrology and Chemical Variation of Peraluminous Granitic Rocks
■ from the Northern Lobe of the Phillips Pluton, Maine"

1996 Jiang Feng, M.S., "Evidence for compositional variation in phyllite from Carroll and 
Frederick Counties, MD"

i 1988 William Greenwood, M.S. “Mineralogical Characteristics of Fibrous Talc”

, Diane Hanley, M.S., "Overland flow evaluation of lava flow platform"

1999 Mark Watson, M.S., “Effects of intergrowths on the Physical Characteristics of fibrous
Anthophyllite”

2001 Amina DeHarde, M.S., “Characterization of Grouts made from Coal Combustion By-
Products: Mineralogy and Physical Properties”

2005 Courtney Crummett, M.S. (co-chair) "Examination of the Thermal decomposition of 
Chrysotile”

' ill. PhJ).

; 1991 James Crowley, Ph.D., "Geochemical Study of Playa Efflorescent Salt Crusts and 
| Associated Brines by Using Spectral Reflectance, X-ray Diffraction and Brine

Chemical Data"

I 1999 Martitia Tuttle, Ph.D., "Late Holocene Earthquakes and their Implications for
Earthquake Potential of the New Madrid Seismic Zone, Central United States"

i



SEM, Phase Contrast Optical Microscopy and Polarized Light Microscopy. 1985-1990. 
Author of Polarized Light Microscopy Method (grey sheets).

Expert witness, Occupational Safety and Health Administration hearing on asbestos regulation, 
1985,1990.

Invited participant, Penn. Geol. Survey Conference on Mapping in the Piedmont, 1987.
Expert panel member, EPA, Superfimd Bulk Asbestos Method, 1990-1991.

b. ' Campus.

r. Departmental

Committee of the Whole 1972-1981 
Department Chairman Search Committee 1980-81 
Department Secretary 1982-83 
United Way Representative 1982
Development of Upper-level Courses for General Student 1984 
Building Committee (1986-1990)
Scheduling Committee (1986-1994)
Undergraduate Affairs Committee (1987-94)
Departmental Field Trip Coordinator (1987-88)
Library Representative (1987-1990)
Acting Chair (1989-1990)
Graduate Committee (member. 1990-present; Chair 1990-94)
Ad-hoc Committee for Departmental Policy on Training TAs. 1991 Chair 
Ad-hoc Field Trip Committee (1992)
Salary Committee (1993; Chair, 1994)
Ad-hoc Committee on Faculty Workloads (1994-95)
Search Committee Chair - Associate Staff (1994-95)
Search Committee - Faculty (1995-96)

ii. Division of Agriculture and Life Sciences Committees:

Science in Action, 1973, "X-ray Diffraction of Minerals"
Committee of the Faculty, Division Council, Chairman, 1973-74, 1974-75 
Division Council, 1973-76, Chairman, 1976-77 
Committee for By-laws, Division Council, 1975-76 
Executive Committee, Division Council, 1973-76 
Search Committee, Director Ag. Exper. Station 1975-76 
Opportunities for Women in Engineering and Science Planning Committee, 1975-76 
Library Committee, 1975-1979 
Ad Hoc Committee to revise Plan of Governance, 1978 

' Search Committee, Department Chairman (Geology), 1979 
Search Committee, Provost of the Division, 1980 
Ad Hoc Committee for the review of salaries of faculty women, 1982 
Ad Hoc Committee on enrollments, 1982-83
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j Creative and Performing Arts Board, 1984-1985. Chairman, 1985 
CMPS Dean Search Committee, 1987

; Athletic Council, 1987-1990,1996-2000 (Chair, Academic Committee, 1989-1990; Vice 
’ Chair of Athletic Council, 1996 - 2000)

Academic Standards Committee, Graduate School, 1987-1990; Chair, 1989-90; 1992-94 
, Water Resources Research Board, Scientific Review Committee, 1987,1988,1989 

Packard Fellowship Review committee, 1991,1995 '
Learning Assessment Outcomes Committee, Middle States Review, 1991 

s Graduate Council, 1991-94 
President’s Medal Committee, 1991,1992,1999 
Advise 5 Advisor, 1992-1998

■ Graduate Council Committee on Academic Standards 1990-1994 
Graduate Council Committee on Programs, Courses and Curricula, 1993-1996

■ Search Committee - Associate Provost for Faculty Affairs, 1993-94 
Campus Writing Board, 1994-1995
APT Appeals Committee, 1994,1996 

! Letters and Science Review Committee, 1994 
College of Arts and Humanities Writing Center Review Committee, 1994-95 

! Search Committee - Director of Libraries, 1995-1996 
: Provost's Advisory Committee on Admissions and Advising, 1995-1998;

Chair, 1996-1998,2000-2001
’ Environmental Science and Policy Planning Committee, 1995-1996 

Review Committee, CMPS Dean, 1996 
: Enrollment Management Advisory Committee, 1996-1998 
1 Environmental, Safety and Health Policy Committee, 1996-1999 

Steering Committee, Environmental Science and Policy Program, 1997-1999 
| Screening Committee ORAU Junior Faculty Enhancement Award, 1997,1998 
' UMCP representative to Mineral Resources Section, National Association of State Universities 

and Land Grant Colleges, 1997-present 
! McNair Program, Mentor to Blessing Asuguo, 1997 

Undergraduate Programs Advisory Committee 1998-1999 
I Banneker-Key Selection Committee 1999 
! Task Force on grading 1999-2000 

Steering Committee NCAA Recertification 1999-2000 
i Campus Assessment Work Group, Chair, 2000-2001

1 Middles States Accreditation 5-year Interim report, Steering Committee Chair, 2000-2001 
. President’s Task Force on Student Success, 2000-2004
; Chair, Search Committee for the Vice President for Research and Dean of the Graduate 

School, 2001-2002

\
c. Community, State, National

| Rural Southeast Olney Civic Association, 1977-present.
Wellesley College Alumnae Association, Treasurer of the Class of 1966,1981-1986. 
Co-Chairman, St. John's Episcopal School Building Campaign, 1987-1990. J
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Ann Wylie is Professor of Geology and Distinguished Scholar Teacher at the University of Maryland. 
Dr. Wylie graduated with honors from Wellesley College and received her Ph.D. from Columbia 
University in 1972. She has been on the faculty at the University of Maryland for 33 years and is the 
author of more than SO articles on mineralogy, including many of the mineralogical characteristics of 
asbestos. She has served in a variety of administrative positions. In 2001, she was appointed Assistant 
President and Chief of Staff of the University of Maryland and in 2004, she was appointed Interim Dean 
of the Graduate School. ■ ■

/
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MALCOLM ROSS, Ph.D.

i PROFESSIONAL TECHNICAL RECORD (updated to December 7,2005)

1Scientific or technical specialties
a) Mineralogy b) Igneous and mctamorphic Petrology c) Minerals and Health 
analysis.

d) Health Policy c) Crystal structure

Other scientific, technical, or special skills

Operates transmission and scanning electron microscopes, electron microprobe, optical microscopes, and all types of X 
ray diffraction equipment including single crystal precession and Weissenberg cameras, manual and automated 
diffractometers, and powder cameras.

Education (including secondary schools)

School
Major and Minor
SmiftliiMiitfnii Dales Attended Degree. Year

Calvin Coolidge H.S. 
Utah State University 
University of Maryland 
Harvard University

Science 9/44-6/47
Zoology, Chemistry 9/47 - 6/S 1
Physical Chemistry 9/S6 - 6/59
Geology, Chemistry 9/S9 - 6/62

Grad., 6/47 
B.S.,6/51 
M.S., 6/59 
Ph.D., 6/62

Specialised training (including postgraduate and Government courses).

1970 Massachusetts Institute of Technology special 2 week summer program for training in the use of the electron 
microprobe.

1981 4flp)hib0les and 0ther Hydrous pynboles - Mineralogical Society of America Short Course (Erlanger, Kentucky, 2

1984 Yirie University School of Medicine 8 hour course on ’Indoor Air Quality".
1984 M.icas - Mineralogical Society of America Short Course (Reno Nevada, 2 days).
1986 Scanning electron microscope training (USGS, Reston, 3 days).
1986 Hydrous Phyllosilicates - Mineralogical Society of America Short Course (Denver, Colorado, 2 days)
1989 Advanced Powder Diffraction - Mineralogical Society of America Short Course (St. Louis, Missouri, 2 days).
1990 Geochemistry and Mineralogy of Rare Earth Elements - Mineralogical Society of America (USGS, Reston. 1 day).

Membership in professional societies: Dates and significant offices held.

\1) Mineralogical Society of America (1952-present), elected Fellow in 1959. Treasurer 1976-1980, Vice President 1990
President 1991. ’

2) Geological Society of America (1963-present), elected Fellow in 1979.
3) American Geophysical Union (1971 -present).
4) American Association for the Advancement of Science (1965-present), elected Fellow in 1983.
5) Clay Minerals Society (1960-1980, 1988-1994).
6) Mineralogical Association of Canada (1989-present).
7) Geological Society of Washington (1956-present). Chairman of the Finance Committee in 1976.

IScientificjand Public Service

Lectureships, symposia, invited conference participation.

1) March, 1965. Invited lecturer on the topic of the crystal chemistry of micas at the USGS Centers in Washington DC 
Denver’and Menlo Park.

2) September 7-11,1969. Invited lecturer "Pyroxene-Amphibole Symposium", V.P.I., Blacksberg, VA. Topic was 
"Chemical Reactions in Pyroxene Crystals".

3) August 26-September 7. 1972. Invited speaker at the 9lh International Congress of Crystallography, Kyoto, Japan - 
gave two talks on mineralogy and crystal structure of rock-forming silicates

4) November 13-15,1972. Co-convener of a symposium on "Exsolution and Domain Structure in Minerals, Geological



Society of Amenca meeting, Minneapolis, Minnesota
5) October 29-30,1981. Invited lecturer on asbestiform silicates for the Mineralogical Society of America Short Course on 

Amphiboles, Erl anger, Kentucky.
6) May 24-27,1982. Invited speaker at the "World Symposium on Asbestos", Montreal, Quebec, Canada. Topic was the

geological occurrences of asbestos ■
7) Febniary-March. 1984. Distinguished Regional Lecturer, USGS, Geologic Division. 1983-1984. Gave a talk titled 

"The Dangers of Asbestos in Our Environment: Separating Fact from Fiction*, Reston, VA. February 21,1984- Denver 
CO, March 13,1984; Menlo Park, CA, March IS, 1984, Flagstaff, AZ, March, 19, 1984.

8) July 13-18,1986. Plenary speaker, 14th General Meeting, International Mineralogical Association, Stanford, CA, “The 
Dangers of Asbestos in Our Environment: Fact and Fiction".

9) October 1988. Co-chairman of the Geological Society of America Forum on "Fibrous Minerals, Mining, and Disease" 
1988 GSA Meeting, Denver, CO.

,0) la?7.9;'9-1989 C°-convener at the 28th International Geological. Congress, Washington. DC of a symposium titled 
Alkaline Igneous Rocks and Carbonatites".

11) Feb. 28,1991. Invited speaker at British Columbia’s Mining Work Symposium - "Suspect Minerals and Human 
Health".

12) Oct. 22, 1992. Gave the Presidential address at the annual meeting of the Mineralogical Society of America, titled
'Crystalline solution series and order-disorder within the natrolite mineral group".

13) Jan. 10.1992. Invited talk at the Geophysical Laboratory, Washington DC, titled: “Crystalline solution series and
order- disorder within the natrolite mineral group".
14) May 5,1992. Invited talk at the 28lh Forum on the Geology of Industrial Minerals, titled: "The effect of regulations on 

asbestos and other designated mineral carcinogens on the vitality of the industrial minerals industries". '
15) Sept. 29,1992. Invited talk at the annual meeting of the American Association of Professional Geologists, titled: 

“Suspect minerals-an environmental concern?".
16) Nov. 3,1992. Invited talk at the annual meeting of the Clay Minerals Society, titled: "Suspect minerals and human 

health".
17) Nov. 17,1992. Invited talk at the Intertech conference - A Management perspective on Crystalline Silica, titled: "The 

asbestos fiasco - a model for crystalline silica?".
18) April 16,1993. Invited lecturer on the health effects of mineral dusts for the Society of Economic Geologists Short 

Course on Environmental Geochemistry of Mineral Deposits.
19) Oct. 22-24,1993. Invited lecturer on the health effects of mineral dusts other than asbestos for Mineralogical Society of 

America Short Course on Minerals and Health, Nantucket, MA.
20) Oct. 7-11,1996. Invited lecturer for a course titled "Minerals and Health", eight lectures given at the Institute of 

Mineralogy and Petrology, University of Fribourg, Fribourg, Switzerland.
21) October 16,1996. Invited lecturer at the Institute of Physics of the Globe at Paris. University of Paris, Paris, France

Title the lecture was * The United States Asbestos Abatement Program.
22) November 7-9, 1998. Co-organizerof National Academy of Sciences Colloquium. "Geology, Mineralogy, and Human 

Welfare. NAS Beckman Center. Irvine, CA.
23) November 12-22,2000. Engaged in a Fulbright sponsored mission to study the possible health effects of asbestos fibers 

originating from the asbestos deposits in the Troodos mountains of Cyprus and presented opinions as to the possible 
hazards of asbestos in air and water to the residents. Talks were given at the Cyprus Geological Survey and at the Near 
East University of North Cyprus.

Amdditionaiei ihvdc4 taiiq on the subjects of minerals and health and the geological occurrences the asbestos minerals
were given qt the following institutions or organizations fbv vearV

1976 I) Penn State U., special conference on measurement of mineral particles. State College, PA.

1977 1)SME-AIME Meeting, St. Louis, MO.
2) National Institutes of Health symposium on health effects of dust from the Rockville QuaiTy, Bethesda, MD.

3) National Bureau of Standards symposium on asbestos, Gaithersburg, MD.

1978 1) ASTM symposium on asbestos, Rockville. MD.
2) CON-AGR Convention, Los Vegas, Nev.
3) Washington Crystal Colloquium, Washington, DC.
4) Geological Society of Washington meeting, Washington. DC.

1979 I) Staff at the Dept, or Justice. Washington, DC.
2) Geological Society of Washington meeting, Washington, DC.
3) Staff, Dept, of Pathology. Vermont Medical School, Burlington, Vermont.
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4) Special symposium al the 1979 Geological Society of America meeting. San Diego CA.

5) Special conference at the NIH on minerals and health, Bethesda, MD.
6) Symposium on regulation of fibrous minerals, Clay Minerals Society! Rochester, NY.

1980 1) Dept, of Geology, U. of Maryland, College Park, MD.
2) Officials of Homeslake Mining Company, San Francisco, CA.

1981 1) River Road Universal Church. Bethesda, MD.
2) Geophysics seminar, USGS, Reston, VA.
3) Dept, of Geology, Harvard U„ Cambridge, MA.

1982 1) Dept, of Geology, Lehigh U.. Bethlehem, PA.

1983 1) Philadelphia Geological Society, Bryn Mawr, PA.
2) Dept, of Geology, Indiana U., Bloomington, Ind.
3) School of Public and Environmental Affairs. Indiana U.. Bloomington Indiana.

r
1984 I) Vermont Marble Company, Proctor, VT.

2) To Officials at the U.S. Dept, of the Interior, Washington, DC.
3) Arizona Geological Commission, Tucson, AZ.
4) U.S. Bureau of Mines, Washington, DC.
3) Society of Chemical Engineers, Baltimore, MD.
6) U.S. Environmental Protection Agency, Washington, DC.
7) U.S. National Museum, Washington, DC.

1985 1>) 21st Annual Forum on the Geology of. Industrial Minerals, Tucson, AZ.
2) Asbestos Information Association meeting, Alexandria, VA.
3) Dept of Geology, U. of New Mexico, Albuquerque, NM.

7

1986 1) Harvard U., Riends of the Museum meeting, Cambridge, MA.
2) U.S. General Services Administration conference on asbestos in buildings, Denver, CO.

1987 1) USGS-USBM mineral commodity meeting, Reston, VA.
2) Workshop on "Tremolite in Play Sand", U. of Massachusetts, Amherst, MA
3) All Souls Church, 16th St. NW, Washington, DC.
4) American Institute of Mining and Metallurgical Engineers, Mariposa Section, Phoenix, AZ.

1988 1) Baltimore Cytological Society, Baltimore, MD.
2) Rutgers Geological Museum Open House, New Brunswick, NJ.
3) U.S. General Services Administration conference on Federal building management problems, Colorado Springs.

CO.
4) U.S. General Services Administration Real Estate Policy Conference. San Antonio, TX.

1989 1j Dept. Of Geology, U. of Delaware, Newark, Delaware.
2) Society of Mining Engineers conference on "Fibers, Fibers, Fibers", Baltimore, MD.
3) Commencement Address to the geology graduates, Virginia. Polytechnic Institute, Blacksburg VA
4) Talk on asbestos and public policy to Officials at V.P.I., Blacksberg, VA.
5) , Talk for the Docents, U.S. National Museum, Washington, DC.

1990 1)' Geophysical Lab, Washington, DC.
2) Talk to Administrators, State Government of Virginia^ Richmond, VA.
3) lTalk at the 1990: National Consumer Coalition press conference. National Press Club, Washington, DC.

1991 l)|Dept. of Geology. University of Oklahoma.

1992 1 )|The Cato Institute, Washington, D.C.

1993 l)|Dept. of Geology, Lafayette College, Easton, PA (two talks) 
2) Dept, of Geology. Yale University, New Haven, CT.

I



1994

1995

1996

1) Smithsonian Institution, Washington DC.
2) Department of Geology, University of Texas-Permian Basin, at Odessa, Texas
3) Society of Independent Professional Earth Scientists, Midland Texas
4) Department of Geology, Texas A&M University. College Station, Texas.

l-,C *elallons Society of America National Environmental Conference 
Washington, DC. '

1) Geological Society of Washington, Washington DC
2) V.M. Goldschmidt Conference, State College, PA

1) Geology Department. George Washington University. Washington DC

2) Department of Civil Engineering, Near East University, Nicosia. North Cyprus. Three Lectures- Causes nf
Cancer, Asbestos Diseases and Asbestos Minerals, and Geological Occurrences of Asbestos “ °f

Committees to reader scientific judgment Include scientific review panels, editorial boanls 
editorships, with dates. Include the capacity in which you served (chairman, subcommittee’ 
chairperson, member, observer, expert consultant, etc.).

2) Member of the Roebling Medal Committee, Mineralogical Society of America, in 1970

^Tito'S™' I”™ to,, of work 1,

SSS£-P ,ssue l^c journal LUhos (vol. 26, p.1-188.1990) titled -Alkaline Igneous Rocks and

9) MemSrSUSGS‘ Pr0m0ti‘f Pancl-Branch of to*"* Geothermal Processes, Match 12 16 1990 

101 nomenclature committee of the Internationa] Mineralogical Association 1982-1988

‘"hi «-■

A) Principal Investigator, in the NASA lunar science program (1969-1974).

B) I gave asbestos and health briefings and was consultant to Officials in varinuc , ,
organizations, including the National Academy of Sciences, the US.



Pr°'ec,,on Agency the U.S. Congress, the National Bureau of Standaids. the Bureau of Mines etc The
fndivi'dU2Uh?abr,ernBS WM 0n thC he# th erfuC‘S °f ,h* Var'0US 'ypeS 0f asbes,os- 1 *»'*> furnished information to hundreds of 
LumoS’th ■ I!?’ c.?"1?a",e\c,c on tbe 8eneral subject of asbestos and asbestos related diseases, one of the main 
oZr htdMinl! aSbeS,0St bnfr,n*s was“> demonstrate that it was not necessary to remove most asbestos from schools and 
other buildings. a concept that was finally supported by and 1990 EPA Advisory to the United States School Systems The
briefings included the following individuals and organizations: y

1.
2.

3.
4.

(4/9/79) Briefing for lawyers, U.S. Dept, of Justice.
(2/24/84) Briefing for Wayne Marehant and Jed Christensen, Deputy Assistant 

to Assistant Sec. of the Interior.
(2/28/84) Briefing for Officials to the U.S. Bureau of Reclamation.
(5/7/84) Briefing for Dr. Ralph DeVries, Office of Science and Technology 

Policy.

5.

6.
7.
8. 
9.

(5/8/84) 
(5/9/84) 
(5/11/84) 
(5/11/84) 
(5/22/84)

10. (5/25/84)
11. (6/5/84)
12. (19/84)
13. (7/9/84)

Briefing for Officials of the EPA and the Dept, of the Interior.
Briefing for Officials of the General Services Administration.
Briefing for Mr. Martin Smith of the White House staff.

Briefing for Mr. Phil Smith and staff. National Academy or Sciences.
Briefing for the Staff, Senate Committee on Environment and Public Worics.
Briefing for Officials of the Office of Management and Budget.
Briefing for Secretary of Interior. William Clark and Assistant Sec. Robert Broadbent 
Briefing for Under Sec. of Interior, Ann McLaughlin.
Briefing for William Ruckelshaus, Administrator of the Environmental Protection 

, Agency and his senior staff.
14. (7/10/84) Briefing for Dr. Bernardine Buckley and Allan Young, Office of Science and

; Technology Policy.
15. (7/26/84) Briefing for senior officials fibm Interior, EPA. OSA. OMB, CPSC.OSHA NIOSH

HHS, the White House, and the Dept, of State. ' '

Honors, awards^ recognition, elected membership.

1.) Elected Fellow, Mineralogical Society of America, in 1959.

2) Elected Fellow, Geological Society of America, in 1979.
3) Received on March 19,1979 from the National Aeronautics and Space Administration, a Special Recognition 
Certificate for scientific contributions as Principal Investigator in the lunar sample program.
4) Received the U.S. Department of the Interior's Superior Service Award in 1981 for extensive and effective efforts to 

emphasize the geoscience prospective in public-health issues relating to mineral fibers.'
5) Elected Fellow, American Association for the Advancement of Science, in 1983..
6) Received cash award, Feb. 1986, for outstanding performance in 1984-85.
7) Received on September 26,1986 the U.S. Department of the Interior's Distinguished Service Award in recognition of 

outstanding contributions to the understanding of the various health effects of the different types of asbestos minerals
- and application of this knowledge to the national interest.

8) Receded on October 30,1990 from the Mineralogical Society of America its Distinguished Public Service Medal. This 
award,'first given in 1990. is for contributions by the recipient to the understanding of the health effects of the asbestos 
minerals and in promoting a rational national policy with regard to use and control of mineral fibers in the mines, mills 
and non-occupational settings.

9) Received Cash Award on August 26,1991 for Outstanding Performance, 1990-1991
10) Cited in Who's Who in America. 1991 to present.
11) Cited ip Who’s Who in Medicine and Healthrurr ] 995 to present

Career experience: (1945-1995) i

06/45 to 09/45 Rodman for USGS (Topographic Division) surveying party, Fairhaven, Vermont.

06/48 to 09/48 Lab technician. Trace Elements Section. Geologic Div., USGS. Washington, DC. '

06/49 to 09/49 Recorder for USGS (Topographic Division) surveying party, Coraopolis, PA.

06/51 to 03/52 Lab technician. Trace Elements Lab. Geologic Division. USGS, Washington, DC.



03/52(o04/54 Lieutenant, artillery, U.S. Army, FI. Bliss, Texas.

06/52 to>19/56 Physical Science Aid (chemistry); Trace Elements Lab. Geologic Division. USGS, Washington DC 
Operated an electron microscope and electron diffraction unit to study fine-grained minerals

6U^St’ fTa‘ ?,CfmiStTy Pr0jeC!’ Geo,ogic Div- USCS- Washington DC. Studied the crystallography of 
? L uy e,eC‘rT d,ffract10" ’ and Particularly the fine-grained vanadium minerals from the Colorado 

diffraction techniques ** ^ StfUC,UrC °f Van0US uraniunvbearing minerals and compounds by single crystal X-ray

simtluml’or6!, ,PhrCa! Che^,iSt• Crystal Chemi?,ry P,raject- Geologic Div., USGS. Washington DC. Solved the crystal 
structures of the torbemite group uranium minerals including abemathyite. meta- torbernile. various synthetic analogs of

mmerauTh® *' and .Ces,u'!' sulfa!e by Xr^ diffraction methods. Studied the crystal chemistry of the berylhum
°8raphy0f ^fr“80mle’ ^*d the m,neralo8y of a new uranyl carbonate. Utilized electron diffraction 

methods to obtain accurate unit cell constants for fine-grained minerals

07/64 to 06/74 Physical chemist. Geologic Div., USGS. As Project Leader of the Crystal Chemistry Project an extensive 

program was initiated to very accurately describe the structural nature of important rock-forming silicates. Seven new 
structure refinements of very high accuracy were made of tremolite, cummingtonite. Mn-cummingtonite. hornblende, 
nchtente, and two gedntes. In addition to these crystal structure studies a detailed examination was made of the phase 
relationships of the chain silicates including studies of the nature of exsolution in pyroxenes and amphiboles in relation to
in!i .^lm,Ca. CrPO"UOnS; frys!#l strucjure,and crystallization history. In 1969 a study of the lunar samples was initiated 
and the knowledge obtained by the parallel studies of terrestrial silicates was applied to the lunar minerals An extensive

T*.£1 H Take,da Md D«id,Wo-es) on polytypism in micafand a unique LZd was ivelojedto 
ofaM n„! t|d be 7 ““ P° y!yP“- An algorilhm was invented “> described the crystallography and crystal structure

^ ,to

07/74 to 04/77 Physical chemist, Mineral Investigations Project. Geologic Div., USGS, Washington DC. Investigations 
(with Peter Robinson, Howard Jaffe. and Gordon Nord) were started on metamorphic amphiboles from western 
Massachusetts. The anthophyllite-gedrite solvus was described for the first time and the solid sototfon series between thw 

wo minerals was delineated for the naturally occurring minerals. The crystal structures of biotites that were reduced and
Ler,d;iCd;add,r.“ remOVd h**'«g*> were determined. This research led to a much clearer understanding of 

the role of hydrogen in the formation of H-bearing rock-forming minerals. ®

07/77 to 10/82 Physical chemist. Project leader Asbestiform Minerals Project, Geologic Div., USGS, Washington DC

usTand h"? *K 7* “I™ ®,udy ?f ,he Reological occurrence of the various types of asbestos minerals, their abundances, their 
use and distribution in the environment, their health effects on man and in experimental animals, the Federal regulatory 
processes related to asbestos control and mitigation, the nature of the Federal definition of asbestos as it might relate to
1978 (reference* n^Sfi fn m,nlng* “d the and economic consequences of State and Federal actions. In
1W! (Kferace no. 86 in my bibliography) I uas the first to show the very strong correlation between exposure to
IZ'%1 t,S,OS^d 1apronOU”Ced ncgative corre*ation between (his disease and exposure to the "era‘SZdn 
cinv^rr 6 *s.be,s‘os- Th,s led!° ProPos,n8 the -fiber hypothesis" for asbestos-related disease and is the foundation for the 

:t'°n'that exposure to chrysoble asbestos in schools and other non-occupalional settings presents essentially zero 
health risk. To bring to the attention of the scientific community, the public, and political leaders I have given 
approxHnately 66 lectures and briefings (see 12bi. 12c.) on the various aspectof tte asbestos controvcrs" In addittod .o 

ohas/hS actIv,Ues 1 Serve as‘he USG® Asbestos Commodity Specialist. Work was continued on extending the "optimal 

tomellll Sn ihT0?1* t0 stuiics of ‘he Pyroxenes. Careful measurement of the orientation of pyroxene exsohition 
lamellae within the host pyroxenes were made thus establishing temperature-composition-orientation relationships for these 
minerals. These observations present a method of formulating new geothermometers and barometers.

2“ PArCTLPhyS!C.al chcmjs*; Geologic Div- USGS- Washington DC. From 1982 to 1986 was a principal investigator. 
National Acid Precipitation and Assessment Program, also project leader of the Acid Rain Project (1982-1986) the Rock
forming Silicates Project (1982-1989), and the Alkaline Rocks and Carhonatites Project'(1983-1992).

The acid rain research involved a cooperative effort with a consortium of about 20 investigators Tram several different 
research agencies. My firs, critical task wa, to take responsibility for selecting and pLuShe^

ton\ waVbi7x“, LreffrorimB‘eria,S *° ,he quarry sitc aad cutting mills were made while the
stone was being extracted from the quarries and cut into sized slabs and briquettes. Samples were nlaced at six stations
7"? Trl a,rSphT lrme,ere (SUCh “ rainfa,‘ araount and dentistry, pH. anTtempe^turerwere conZalW 
monitored. The relationships between these parameters, the amount of dissolution of the marble and limestone samples, and
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the mineralogical changes were established. Characterization of the samples (with Elaine McGee and Daphne Ross) was 
accomplished by chemical analysis using electron microprobe, light optical, scanning electron microscopy, and X-ray 

diffraction techniques v 1

The Alkaline Rocks and Carbonatites Project (previously titled the Rock-forming Silicates Project) concentrated its 
research on the alkaline igneous rocks of the Magnet Cove igneous complex and the adjacent mineralized country rock 
shales and quartzites. I initially set up the Project's objectives; the immediate applied interest being the mode of origin of 
the titanium, vanadium, and niobium deposits in the mineralized country rocks. Marta Flohr joined me in this research 
program and has taken the lead in much of the work. Samples were collected in seven one week field trips. Also a detailed 
map was made (in cooperation with the Arkansas Geological Commission) of the most important locality for sampling a 
large variety of fresh alkaline igneous rocks as well as contact metamorphosed country rocks. A complete geochemical and 
petrological examination was made of the igneous rocks and included a study of the secondary minerals formed on cooling 
from the primary melt temperatures. Various metasomatic processes, including metasomatism by later-stage Ca- and Na-rich 
carbonatitic fluids and low temperature alteration (lateritic processes), also caused replacement of previously formed 
minerals and released metals that were later deposited in the adjacent country rocks. Some of the important results of this 
investigation are given in section IS.

In this period I continued serving as the USGS commodity specialist or asbestos and also remained involved part time 
.(30 percent) in various aspects of the asbestos controversy and in particular to how the Federal definition of asbestos is now 
affecting large segments of the U.S. mining industry not involved in asbestos mining (see section 15).

In 1992 and 19931 became more and more involved with the issue of minerals and health due to an increased Division 
interest in environmental hazards and due to the fact that the common mineral quartz is now on the Federal carcinogen list. 
In 1992,1 gave five invited talks on the health effects of mineral dusts and was engaged for several hours per week on the 
telephone responding to questions concerning this same subject.

In 1993 I spent nearly full time on health issues including preparing two long review papers on the health effects of 
mineral dusts for Mineralogical Society of America and Society of Economic Geologists short courses. In addition, I 
prepared three other papers and gave five talks on this general subject and started an investigation of the possible health 
effects that might be generated by dusts and water from the asbestos Superfund sites within the New Idria serpentinite of 
California..

Career experience since retirement from the U.S. Geological Survey

January 1995 to December 1999. Scientist Emeritus, U.S. Geological Survey.

January 4, 1993 to 1999. Affiliated with The Science and Environmental Policy Project, 4084 University Drive, Fairfax 
City. VA 22030. Engaged in studies of public policy issues pertaining to mineral and geochemical effects on human health 
and global wanning issues.

March jl. 1995 to present. Appointed Senior Scientist in the Environmental Effects Laboratory, Institute of Applied 
Sciences at'Brooklyn College of the City University of New York. Research is directed towards analyzing various mine 

dusts and evaluating their possible effects on human health. Examination was made of possible asbestos occurrence and 
asbestos health risk in iron ore, vermiculite, and asbestos mines in the United States and Cyprus.
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. Journal of the American Medical Association.
New England Journal of Medicine.
Toxicology Jn Vitro.
Journal of the American Industrial Hygiene Association.
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Annals of Occupational Hygiene.
Pathology Annual.
Environmental Health Perspectives.
Health Effects Institute.
Bulletin of the Geological Society of America.
Applied Occupational and Environmental Hygiene.
Medical Research Engineering.
American College of Chest Physicians.
Heterogeneous Chemistry Reviews.
American Institute for Testing Materials (ASTM)
Canadian Mineralogist
Journal of the American Industrial Hygiene Association 
Journal of Indoor and Built Environment.

REVIEW AND CONTRIBUTIONS TO FEDERAL AND INDUSTRY DOCUMENTS (1978- 
PRESENT):

NIOSH Fibrous Glass Criteria Document, 1978. Reviewer. CDC-NIOSH.
NIOSH Talc Criteria Document, 1979. Reviewer, contributor. CDC-NIOSH.
OSHA Fiber Manuscript (Definitions, Nomenclature, Properties), 1980. Reviewer. US 

Department of Labor.
ALOSH Mineralogy Manuscripts (Occupational Lung Disease), 1979-1980. Reviewer,

5 contributor. CDC-NIOSH.
Asbestos, Smoking and Disease. The Scientific Evidence. Bums, DM, Ed., Commercial 

! Union Insurance, 1982. Contributor.
Environmental Protection Agency, Office of Pesticides and Toxic Substances-Asbestos 

in Buildings Guidance Documents; Guidance Documents; Operations and 
Maintenance Programs. "Orange", "Purple", "Blue" Books. Reviewer, Contributor, 
Committee member. US Environmental Protection Agency.

Surgeon General's Report: Cancer and Chronic Lung Disease in the Workplace: The 
| Health Consequences of Smoking, 1985; Reviewer, Contributor. Federal. DHEW.

i •
INTERNATIONAL GOVERNMENT, LABOR, COMMITTEES AND CONSULTATIONS:

US-Japan Cooperative Science Program Working Group on Air Pollution and Health.
i NIEHS-lnstitute of Health, Japan, 2/69.

Environmental Protection Agency, Superfund Cases, 3/85-Present.
National Institute for Occupational Safety and Health, 6/75-Present.
National Institute for Environmental Health Sciences, 4/75-Present.
Environmental Protection Agency, 6/75-Present.
National Heart, Lung and Blood Institute, 6/75-Present.
National Institutes of Health, Section of Grants, 6/74-Present.
World Health Organization, Geneva, Biomedical Expert, 6/75-Present.
International Agency for Research on Cancer, WHO Development of V.14 Chemical 

Carcinogenesis Monograph Series, Evaluation of Carcinogenic Risk of Chemicals to 
Man: Asbestos. Member of working,group, Lyon, France, 1976.

International Association of Geochemistry^ and Cosmochemistry, Working Group on the
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Geochemistry of Health and Disease, 1976-1979.
Consultant, South African Ministry of Mines, Asbestos Symposium, Johannesburg, 

South Africa, 1977.
Consultant, Institute of Public Health, Norway, Microscopy Facility, Oslo, Nonway, 1977. 

Seminars on vitreous fibers as asbestos substitutes.
Consultant, International Metalworkers Federation, Problems Focusing on Asbestos 

Contamination of Nickel Ores, Geneva, Switzerland, 1980.
Research Consultant, Societe Nationale de I'Amiante, Quebec, Canada, Work on
Modified Fiber, 1984.
WHO-International Program on Chemical Safety (IPCS), Environmental Health Criteria 

Document on Asbestos and Other Natural Mineral Fibers, Section Chairman, 
Hannover, Federal Republic of Germany, 1986.

Societe Nationale de I'Amiante. Consultant. Modified Fiber and the Environmental 
Protection Agency Asbestos Ban, Montreal, Canada, 1986.

International Agency for Research on Cancer, WHO Development of V.42, Chemical 
Carcinogenesis Monograph Series, Evaluation of Carcinogenic Risk to Chemicals in 
Man: Silica and Some Silicates, Member of Working Group, Lyon, France, 1986.

Consultant, Asbestos Institute, Canada, Organization of Symposium on Biological Effects 
of Asbestos Substitutes, 1987.

Vllth International Pneumoconiosis Conference. International Organizing Committee; 
Organizer of Session: Hazard Recognition of Mineral Dust. Pittsburgh, PA, August, 
1988. Chaired Two Sessions at Meeting: Mineral Recognition by Membranes and 
Mineral Toxicity; Mineral Fiber and Diseases of the Pleura.

International Federation of Building and Wood Workers, Conference on Interior Works, 
Geneva, Switzerland. Presented paper: Hazards in the Painting Trades. Panel on 
Hazards in the Interior Workplace, May 9-12,1989.

HoffmarvLaRoche Pharmaceuticals. Development of Microscopy Method for the 
Analysis of Mineral Fiber in Parenteral Drugs. Edinburgh, April, 1993; Basel, March, 
1994; Frankfurt, May, 1994.

Eurometaux - European Association of Metals. Protocol Format and Development of 
Proposed Meeting on Carcinogenicity of Metals and the Compounds. Brussels, 
November, 1994.

Eurometaux - European Association of Metals. Protocol Format and Development of 
Proposed Meeting on Carcinogenicity of Metals arid the Compounds. Brussels, 
September, 1995.

WHO - International Program on Chemical Safety. Chrysotile Asbestos. Environmental 
Health Criteria Document 203. Geneva. 1998.

NATIONAL COMMITTEES, WORKSHOPS:

Food and Drug Administration, Asbestos, Talc, Asbestos Bodies, and Consumer 
Talcum, Seminar, Washington, DC, June, 1968.

National Air Pollution Control Administration, Asbestos in Ambient Air. Arlington, VA.
June, 1969.

National Institute for Occupational Safety and Health, USPHS, Asbestos Research in the 
United States, Cincinnati, OH, January, 1970.
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Food and Drug Administration, Asbestos in Consumer Talcum, Seminar,
Washington, DC, August, 1971.

Environmental Protection Agency, National Air Pollution Control Techniques Advisory 
Committee, Asbestos Emissions Document, Atlanta, GA, 1971.

NIOSH Task Force on Occupational Respiratory Diseases, 1975.
Environmental Protection Agency, HERL, Ad Hoc Committee for the Fibrous 

Amphibole Study Protocol, Triangle Park, NC, 1976.
NIEHS-NIOSH-EPA-ERDA. Interagency Retreat and Colloquium. Man-made Vitreous 

fibers, Asbestos Substitutes and the Energy Crisis. Potential Risks to Health. 
Pinehurst, NC. 7-9 January, 1976.

NIOSH Criteria Document Recommended Standard For Occupational Exposure to 
Fibrous Glass, Reviewer. November, 1976.

Environmental Protection Agency, HERL, Biological Effects on Fibrous Inorganic 
Particles, 1977.

NIH Possible. Health Effects of Asbestos in the Local Environment. Bethesda, June 8, 
1977.
NHLBI, Evaluation of Existing Inorganic Microparticulate Laboratories: Vermont Lung 
Group, Tulane Occupational Lung Hazards Group, 1978.
DHHS, Interagency Committee to Coordinate Environmental and Related Problems,
'■ Biological Effects of Fibrous Particulates: Serpentine-Containing Host Rocks, 

Amphibole-Containing Host Rocks, 1980.
Mount St. Helen's Volcanic Ash: Mineral Nature and Biological Activity, Interagency Task 

Force, Bethesda, MD, 1980.
National Institute of Environmental Health Sciences, Workshop, Pathobiology of 

Mesothelioma, RTP, NC, January, 1983.
Occupational Safety and Health Administration, Expert to write and review Asbestos 

Standard-Talc Standard, US Department of Labor, 1983.
National Academy of Sciences, Division of Life Sciences Committee to Evaluate Risk to 

Low-Level Exposure to Asbestiform Fibers in the Environment, 1982-1984. 
Environmental Protection Agency. Prepared for meeting Substitute Fibers. Pre-market 

Testing of Fibers. USEPA. Washington. DC. 26 June 1984 
Lung Center and NHLB-SCOR, in the Departments of Physiology, Medicine, Pathology, 

i and Engineering in the University of Vermont, Burlington, VT, 1984.
Environmental Protection Agency, Committee Member, Review and Rewrite EPA 

"Guidance Document for Controlling Friable Asbestos-Containing Minerals in 
Buildings," 1985

American Society Testing Materials, Committee, D22-lndoor Air Pollution Asbestos: 
D22.05-Methodology and Measurement of Fibers in Air. Electron Microscopy,

1985.
American Society Testing Materials, Organizing Committee, Silica and Silica-Induced 

; Diseases, International Conference, 1985.
NIOSH, Mine Health Research Advisory Committee Meeting, Tucson, AZ: The Impact of 

Mineral-Asbestos Definitions on the Mining Industry, 1986.
Environmental Protection Agency. Develop guidance document for identifying 
asbestos hazards and implementing abatement programs in public buildings, 
Washington, DC, April, 1986.
NIOSH Review Panel for Project "Evaluation of Mesothelioma Production by Asbestos
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Substitutes." Cincinnati, OH, June, 1986.
Environmental Protection Agency, Guidance Document for Assessing and Managing 

Exposure to Asbestos in Building, Arlington, VA, September, 1986.

Environmental Protection Agency, Operations and Maintenance Programs for Asbestos- 
Containing Materials in Buildings: A Guide for Building Owners and 
Managers, Washington, DC, January, 1987.

NIEHS-NIOSH - National Toxicology Program. To formulate study protocol comparing 
biological activities of asbestiform and norvasbestiform amphibole minerals. NIEHS 
- Res. Triangle Park, NC, October 11,1989.

Health Effects Institute. Asbestos Literature Review Panel. April, 1990-August, 1991.
Health Effects Institute. Reviewer of Research Proposals - RPH-91.
US FDA and Inti. Soc. Reg. Tox. Pharmac., NIH Bethesda, Workshop. Talc: 

Consumer Uses and Health Perspectives. 31 Jan -1 Feb, 1994.

TESTIMONY BEFORE FEDERAL AGENCIES, FEDERAL COURTS:

Testimony National Toxicology Program Committee Evaluating Talc as a Human
Carcinogen. Washington DC, 13-14 December, 2000.
Testimony Occupational Safety and Health Administration, U.S. Department of Labor.
Asbestos Standard Revisions. Asbestos Fiber and Cleavage Fragments, April, 1990.
Washington, D.C.
Testimony, Consumer Products Safety Commission. Asbestos in Play Sand. 

Washington, DC, December 7,1988.
Testimony, Occupational Safety and Health Administration, US Department of Labor, 

Asbestos Standard, 1984. Modified Asbestos and It’s Biological Behavior. 
Washington, D.C.

Expert Witness, Contamination of Lake Superior. On behalf of the Department of
Justice of the United States, 1974. Minneapolis, MN. Mineral Fiber Analysis.
Testimony, Toxic Substanoes Control Act, 1973. Presented evidence to Sen. Tunney's 

committee hearing, concerning asbestos in society. Washington, D.C.

REGIONAL CONSULTATIONS:

Health Research Council of New York City, Subcommittee on Asbestos Hazards - Air 
Pollution Working Corp. Seminar on Asbestos in Construction Products, Rockefeller 
University, June 9,1969.

New York City Board of Education: Asbestos in Schools, 1981-1983.
New York City Department of Sanitation; Fire Department: Insulation Products, 1979-

1983.
New York State Consumer Affairs and Protection: Construction and Insulation Products, 

1980-1983.
City University of New York-Brooklyn College: Asbestos Problems, 1981-1982.
New York City Asbestos Taskforce. Inspector General's Office. Asbestos in schools. 

Analysis and evaluation of samples removed from school buildings. Fall, 1993.
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Academic Council, Department Representative, MSSM, 1977-1979.
Elections Committee of the Academic Council, MSSM, 1978-1980.
Medical Center Safety Committee, MSSM, 1979-1988.
Chemical Hazards Committee, MSSM, 1979-1988.
Alternate Medical Safety Officer (in absence of Dr. S. Kochwa), MSSM, 1980-1983'. 
Space Committee (Department and Institution), MSSM, 1982-1985.
New York Academy of Sciences, Conference Organizing Committee, 1976-1980. 
Visiting Professor Program. Mt. Sinai School of Medicine. 1971-1973.
Educational Policy Committee. Mt. Sinai School of Medicine. 1972-1974.
Ad Hoc Reviewer, National Institutes of Health, Minneapolis Medical Center, 1977.
Ad Hoc Reviewer, National Institutes of Health, Harvard Medical Center, 1978. 
Workshop Organizer and Chairman, Significance of Aspect Ratio in Asbestos Diseases, 

New York Academy of Sciences, 1977.
Workshop Organizer, Third International Workshop on In Vitro Testing of Mineral Dusts

1984.
Curriculum and Examination Committee, Ph.D. Program, Earth and Environmental 

Sciences, City University of New York, 1987-1990; 1996-present.
Faculty Membership Committee - Chairman - Ph.D. Program, Earth and Environmental 
Sciences, City University of New York, 1989-1992; 1996-present.
Executive Committee, Ph.D. Program, Earth and Environmental Sciences, City 

University of New York, 1985-1993; 1995-present.
First Examination Committee, Ph.D. Program, Earth and Environmental Sciences, 

City University of New York, 1996-present.
Elections Committee, Ph.D. Program, Earth and Environmental Sciences, City 

University of New York, 1996-present.
Graduate Faculty Council, The Graduate Center of the City University, 2000-2003.

CONSULTATIONS:

Oil, Chemical and Atomic Workers International Union, Safe Handling of Asbestos, 
Training Film, 1976.

Cyprus Minerals-Nature of US Talc Deposits, 1979.
General Accident Insurance Company: Asbestos Compensation, 1981.
Gulf Minerals: Modified Chrysotile Fiber, 1982.
SOciete Nationale de I'Amiante: Phosphorylated Fiber; Asbestos Substitutes, 1984. 
W*R. Grace & Company: Asbestos and Indoor Air Pollution, 1984.
Asbestos Institute of Canada, Asbestos and Asbestos Substitutes, 1985-1986.
R.T. Vanderbilt Company, Nature of Tremolite in the Gouvemeur Talc Deposit, 1987. 
Safe Building Alliance, Problems of Asbestos in Buildings, 1987.
Review applications for funding requests: FCAC, Quebec, Canada, 1985.
United States Consumer Products Safety Commission, 1986-1987.
Society Nationale d'L’Amiante-Canada, 1987.
US National Toxicology Program, 1989.
Battelle Columbus Laboratories, 1987-1989; 1991.
DUrabla Gasket Manufacturing Co., 1992.



}

Hofimann-LaRoche-Basel, 1993.
, Lapinus Fibres-B V-Netherlarids, 1993-1994.

Ready Mix Group-Australia, 1994.
Cleveland-Cliffs Group, 1995-1996.
Blown Glass Wool Contractors Assn., 1996.
Novacor Chemicals-Canada, 1996.
Talc Luzenac-Paris, 2000.

PEER-REVIEWED PUBLICATIONS:

1. Kerr PF, Thomas AM, Langer AM: The nature and synthesis of ferrimolybdite. Amer 
Mineral 48:14-32,1963.

2. Kerr PF, Langer AM: Mineralogical features of Mojave playa crusts. In: Mineralogy 
and Hvdroloav of US Plavas. Neal J (ed), US Air Force Cambridge Research 
Laboratories Environmental Research Paper No. 96, pp. 31-72,1965.

3. Langer AM, Kerr PF: Experimental variables influencing DTA curves of kaolinite.
' Dupont Thermogram 3:1-4,1966.

4. Langer AM: Older Paleozoic metamorphism and pegmatization in Bronx, New York. 
Ann NY Acad Sci 136:1-32,1966.

5. Langer AM, Kerr PF: Mojave Desert playa crusts: physical properties and mineral 
content. J Sed Petrol 36:377-396,1966.

6. Langer AM, Kerr PF: Evaluation of kaolinite and quartz differential thermal curves 
with a new. high-temperature cell. Am Mineral 52:509-523,1967.

7. Berkley C, Langer AM, Baden V: Instrumental analysis of inspired pulmonary 
particulates. Trans NY Acad Sci 30:331-350,1967.

8. Neal JT, Langer AM, Kerr PF: Giant desiccation polygons of Great Basin playas. 
Bull Geol Soc Am 79:59-90,1968.

. 9. Langer AM, Bowes DR: Polyphase deformation in the Manhattan formation of 
Manhattan Island, New York City. Memoir 115 Geol Soc Am 358-373,1969.

10. Langer AM, Selikoff I J, Sastre A: Chrysotile asbestos in the lungs of persons in New 
York City. Arch Environ Health 22:348-361,1971.

11. Langer AM, Mackler AD, Rubin IB, Hammond EC, Selikoff I J: Inorganic particles in 
cigars and cigar smoke. Science 174(4009):585-587,1971.

12. Selikoff IJ, Nicholson WJ, Langer AM: Asbestos air pollution in urban areas. Arch 
Environ Health 25:1-13,1972.
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13. Liebling R, Langer AM: Optical properties of fibrous brucite from Asbestos, Quebec. 
Am Mineral 57:857-864,1972.

14. Langer AM, Rubin IB, Selikoff, IJ: Chemical characterization of asbestos body cores 
by electron microprobe analysis. J Histochem Cytochem 20 (9):723-734,1972.

15. Langer AM, Rubin IB, Selikoff IJ, Pooley, FD: Chemical characterization of uncoated 
asbestos fibers from lungs of asbestos workers by electron microprobe analysis! J 
Histochem Cytochem 20(9):735-740,1972.

16. Bowes DR, Langer AM: Petrochemistry of the Manhattan formation, New York City. 
Krystalinikum 10:39-51,1974.

17. Langer AM, Ashley R, Baden V, Berkley C, Hammond EC, Mackler AD, Maggiore 
CJ, Nicholson WJ, Rohl AN, Rubin IB, Sastre A, Selikoff I J: Identification of asbestos 
in human tissues. J Occup Med 15:287-295,1973.

18. Ehrenreich T, Mackler AD, Langer AM, Selikoff IJ: Les fibers d'amiante dans les
poumons humains: leur signification medicolegale dans les maladies de
I'environment. Arch des Maladies Professionelles 34(4-5): 189-204,1973.

1]9. Bowes DR, Langer AM: Hornblende schists in the Manhattan formation in the Bronx, 
New York:Discussion. Bull Geol Soc Am 84:1483-1490,1973.

20. Ehrenreich T, Mackler AD, Langer AM, Selikoff IJ: Identification and characterization 
of pulmonary dust burden in pneumoconiosis. Ann Clin Lab Sci 3(2):118-131,1973.

i21. Kleinfeld M, Messite J, Langer AM: A study of worker^ exposed to asbestiform 
minerals in commercial talc manufacture. Environ Res 6(2):132-143,1973.

22. Nicholson WJ, Langer AM, Selikoff IJ: Discussion: asbestos fibers in the air of 
towns. Atmosph Environ 7:666-668,1973.

23. Langer AM: Inorganic particles in human tissues and their association with 
neoplastic disease. Environ Health Perspect 9:229-233,1974.

\

2|4. Langer AM: Approaches and constraints to identification and quantitation of 
asbestos fibers. Environ Health Perspect 9:133-136,1974.

i25. Langer AM: Research perspectives concerning asbestos minerals and their effects 
on biological systems. Environ Health Perspect 9:335-338,1974.

2is. Langer AM: The subject of continuous vigilance. Environ Health Perspect 9:53-56,

1974.

27. Rohl AN, Langer AM: Identification of asbestos in talc. Environ Health Perspect
’ 9:95-109,1974.
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28. Langer AM, Mackler AD, Pooley FD: Electron microscopical investigation of 
asbestos fibers. Environ Health Perspect 9:63-80,1974.

29. Miller A, Langer AM, Teirstein, AS, Selikoff IJ: "Non-specific" interstitial fibrosis:
Association with fibers detected by electron microscopy. N Engl J Med 292:91-

93,1975.

30. Rohl AN, Langer AM, Selikoff IJ, Nicholson WJ: Exposure to asbestos in use of 
consumer spackling, patching, and taping compounds. Science 189(4204):551-553,
1975.

31. Rohl AN, Langer AM, Klimentidis R, Wolff MS: Asbestos exposure during brake 
lining maintenance and repair. Environ Res 12:110-128,1976.

32. Rohl AN, Langer AM, Selikoff IJ, Tordini A, Klimentidis R, Bowes DR, Skinner D: 
Mineral and chemical characterization of selected consumer talcum products. J 
ToxicolEnviron Sci 2:255-284,1976.

33. Bowes DR, Langer AM, Rohl AN: Nature and range of mineral dusts in the 
environment. Phil Trans Roy Soc London 286:593-610,1977.

34. Rohl AN, Langer AM, Klimentidis R, Wolff MS, Selikoff IJ: Asbestos content of dust 
encountered during brake maintenance and repair. Proc Roy Soc Med 70:32-39, 
1977.

35. Rohl AN, Langer AM, Selikoff IJ: Environmental asbestos pollution related to use of 
quarried serpentine rock. Science 196:1319-1322,1977.

36. Langer AM, Wolff MS, Rohl AN, Selikoff IJ: Variation of properties of chrysotile 
asbestos, subjected to prolonged milling. J Toxicol Environ Sci 4:173-188,1978.

37. Fischbein A, Langer AM, Suzuki Y, Selikoff IJ: Carcinoma of the lung in a drywall 
taping worker: report of a case. Toxicol Letters 2:231-236,1978.

38. Langer AM: Crystal faces and cleavage planes in quartz as templates in biological 
processes. Quart Rev Biophys 11:543-575,1978.

39. Rohl AN, Langer AM, Selikoff IJ: Airborne asbestos in the vicinity of a freeway: 
discussion. Atmosph Environ 12:2030-2031,1978.

40. Langer AM, Rohl AN, Selikoff I J: Asbestos on Maryland's roads. The Lancet i:1263- 
1264,1978.

41. Fischbein A, Rohl AN, Langer AM, Selikoff IJ: DrywaD construction and asbestos 
exposure. Am IndustrHyg Assoc 40:402-407,1979.
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42. Langer AM, Rohl AN, Selikoff IJ, Harlow G, Prinz M: Asbestos as a co-factor among 
nickel processing workers. Science 209:420-422,1980.

43. Nolan RP, Langer AM, Harington JS, Oster G, Selikoff IJ: Quartz hemolysis as 
related to its surface functionalities. Environ Res 26:503-520,1981.

44. Rohl AN, Langer AM, Moncure G, Fischbein AS, Selikoff IJ: Endemic pleural 
disease associated with mixed fibrous dust exposure in Turkey. Science 
216(4545):518-520,1982.

45. Langer AM, McCaughey WET: Mesothelioma in a brake repair worker. The Lancet 
ii:1101-1103,1982.

46. Ehrenreich T, Espinoza T, Langer AM, Rohl AN, Daum SM: Algorithm for forensic 
pathological diagnosis of asbestos-related diseases. Am J Foren Med Pathol 
3(4):315-321,1982.

47. Langer AM, Rohl AN, Fischbein AS, Selikoff I J: Cancer in nickel processing workers 
in New Caledonia: discussion. Science 215:425-426,1982.

48; Yeager H, Russo D, Yanez M, Gerardi Q Nolan RP, Kagan E, Langer AM: 
Preliminary observations on acute cytotoxicity of short fiber chrysotile asbestos for 
human alveolar macrophages. Environ Res 30:224-232,1983.

49. Brody J, Miller A, Langer AM: Pneumoconiosis associated with exposure to glass 
and abrasive fragments. Am J Industr Med 6:339-346,1984.

50. Constantopoulos S, Goudevenos J, Saratzis N, Charalampopoulos C, Laparidou S,
Langer AM, Selikoff IJ, Moutsopoulos H: Endemic asbestos-like pleural
calcifications in the absence of occupational asbestos exposure. Arch Hellenic Med 
1(10): 165-171,1984.

51. Sawyer R, Rohl AN, Langer AM: Fiber contamination in buildings resulting from 
removal of asbestos-containing materials. Environ Res 36(1 ):46-55,1985.

52. Constantopoulos SH, Goudevenos JA, Saratzis N, Langer AM, Selikoff IJ, 
Moutsopoulos HM: Metsovo lung: pleural calcification and restrictive lung function in 
northwestern Greece. Environmental exposure to mineral fiber as etiology. Environ 
Res 38:319-331,1985.

53. Langer AM, Nolan RP: Asbestos in potable water supplies and attributable risk
of gastrointestinal cancer. Northeast Environ Sci 5(1/2):41-53,1986.

54. Langer AM, Nolan RP, Constantopoulos SH, Moutsopoulos HM: Association of 
Metsovo lung and pleural mesothelioma with exposure to tremolite-containing

■ whitewash. The Lancet i:965-967,1987.
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55. Constantopoulos SH, Langer AM, Saratzis N, Nolan RP: Regional findings in 
Metsovo lung. The Lancet ii, 452-453,1987.

56. Nolan RP, Langer AM, Weism'an I, Herson R: Surface character and membrolytic 
properties of the titania polymorphs. Br J Ind Med 44(10):687-698,1987.

57. Nolan RP, Langer AM, Eskenazi RA, Herson GB, Foster KW: Membranolytic 
activities of quartz standards. Toxicol In Vitro 1(4):239-245,1987.

58. Langer AM, Nolan RP, Constantopoulos SH: Endemic pleural calcification and
mesothelioma. JAMA 260 (3) 339-340,1988.

59. Langer AM, Nolan RP: Fiber type and mesothelioma risk. Symposium of Health 
Aspects of Exposure to Asbestos in Buildings. Energy and Environmental Policy 
Center, Kennedy School of Government. Harvard University. December, 1989,91- 

141.

60. Freed JA, Miller A, Gordon R, Fischbein A, Kleinerman J, Langer AM: 
Desquamative interstitial pneumonia associated with chrysotile asbestos fibers. Br J 
Ind Med, 48:332-337,1991.

61. Nolan RP, Langer AM, Herson GB: Characterization of palygorskite specimens from 
different geological locales for health hazard evaluation. Br J Ind Med, 48:463-475, 
1991.

62. Langer AM, Nolan RP: Chrysotile biopersistence in the lungs of persons in the 
general population and exposed workers. Env. Health Perspect. Supplts., 102. 
Suppl. 5,235-239,1994.

63. Nolan RP, Langer AM, Addison J: Lung content analysis of cases occupationally 
exposed to chrysotile asbestos. Env. Health Perspect. Supplts., 102, Suppl. 5,245- 
250,1994.

64. Langer AM, Nolan RP: Chrysotile: Its Occurence and Properties as variables 
controlling Biological Effects. Ann. Occup. Hyg., 38, No. 4,427-451.1994.

65. Wilson R, Langer AM, Nolan RP, Gee JBL, Ross M: Asbestos in New York City 
public school buildings. Public Policy: Is there a scientific basis? Jour. Regulatory 
Toxicology and Pharmacology, 20,161-169, .1994.

66. Langer AM, Nolan RP: Physical chemical properties to fibers other than asbestos 
in global use. J. Occup. Health and Safety. Aust and New Zeal., 12, No. 3,

263-278,1996.

67. Langer AM, Nolan RP: Asbestos in the lungs of persons exposed in the United
States. Monaldi Arch Ches Pis. 53. No.2.168-180. 1998. .
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68. Nolan RP, Langer AM, Wilson RP: A risk assessment for exposure to grunerite 
asbestos (amosite) in an iron ore mine. Proc. Natl. Acad. Scis. 96, 3412-3419, 
1999.

69. Wilson R, Langer AM, Nolan RP: A risk assessment for exposure to glass wool. 
Regulatory Toxicol, and Pharmacol. 30 (2): 96-109,1999.

70. Nolan RP, Langer AM: Risk assessment of the influence of chrysotile asbestos on
human health. In: Reports for the International Scientific-Practical Conference on . the
Safe Usage of Chrysotile Asbestos. 42-49. Ivano-Frankovsk, Ukraine. 1999.

71. Langer AM, Health experience of some U.S. and Canadian workers exposed'to 
asbestos. Foundation for risk assessment. The Canadian Mineralogist. Special

Publication No. 5, The Health Effects of Chrysotile Asbestos. 9-20,2001.

72. Nolan RP, Langer AM: Concentrations and type of asbestos fiber in air inside 
buildings. The Canadian Mi neralogist. Special Publication No. 5, The Health Effects of 
Chrysotile Asbestos, 39-51,2001.

73. Langer AM: Summary of the Symposium. The Canadian Mineralogist. Special 
Publication No. 5.291-296,2001.

74. Langer AM: The carcinogenicity of chrysotile asbestos. Is the evidence sufficient fora 
: global ban? Columns. Asbestos. Raising the Bar in Asbestos Litigation. 20014 -5,61- 
* 68,2001.

75. Langer AM, Morse RG: The World Trade Center Catastrophe. Was the type of spray 
fireproofing a factor in the collapse of the Twin Towers? J Indoor and Built 
Environment 10:350-360.2001.

76. Langer AM: Reduction of the biological potential of chrysotile asbestos arising from 
conditions of service on brake pads. J Regulatory Toxicology and Pharmacology. 38: 
71-77.2003.

77. Langer AM: Control and monitoring of asbestos in foe United States. Regulatory 
overview of asbestos and other fibrous minerals. Manuscript in review. 2005.

78. Langer AM: Risk Analysis for Chrysotile in Friction Products and Cement. Evidence 
in Support of Continued Use. Manuscript in Review. 2005.

79. Langer AM: The future of terrorism risk insurance. Protecting buildings from 
terrorist attacks. TRIA Compendium. DRI Chicago. 231-242.2005.

PUBLICATIONS IN SYMPOSIA PROCEEDINGS:

1. Berkley C, Langer AM, Sastre A, Arneson A: Electron microprobe analysis of 
asbestos bodies. In: Infl Konferenz uber die Bioloaischen Wirkunaen des Asbestos.
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Dresden, 22-24 April, 1968. Holstein, Anspach M (eds), Deutsches Zentralinstitutfur 
Arbeitsmedizin, Berlin, DDR, 12-22,1968.

2. Schwartz J, Langer AM:. Technique of removal and analysis of single fibrous 
particles from human lung tissue. In: Int'l Konferenz uberdie Biolooischen Wirkungen 
des Asbestos. Dresden, 22-24 April, 1968. Holstein, Anspach M (eds), Deutsches 
Zentralinstitutfur Arbeitsmedizin, Berlin, DDR, 8-12,1968.

3. Bowes DR, Langer AM: Polyphase deformation in the schist of the Bronx, New York 
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and Dentistry, NJ, September 26,1980.

/
30. Langer AM: Minerals as toxic agents: parameters and mechanisms; far Proc 50th 

Geol Alumni Assn, Brooklyn College, CUNY, May 7-9,1981.

31. Langer AM, Weisman, I, Adams A, Pooley FD: Characterization of crystalline 
particles in tissue by analytical electron microscopy, jn: Symp on Crystalline 
Deposits in Tissues, Toronto, August 13-14,1981.
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32. Russo DA, Kagan E, Langer AM, Nolan R, Yeager H: Cytotoxicity of naturally- 
occurring short fiber asbestos. In: 20th Int'l Congr Occup Health, Cairo, September 
25-October1,1981.

33. EhrenreichT, Langer AM, Selikoff IJ: Algorithm of pathologic diagnosis of asbestos- 
related diseases for forensic purposes. Significance of quantitative and 
morphological correlates. Jn: 20th Int'l Congr Occup Health, Cairo, September 25- 
October 1,1981.

34. Rohl AN, Langer AM, Suzuki Y, Lilis R, Moncure G, Selikoff IJ: Endemic pleural 
disease associated with mixed fibrous dust exposure in Turkey, jn: 20th Int'l Congr 
Occup Health, Cairo, September 25-October 1,1981.

35. Nolan RP, Langer AM: Surface functionalities of quartz and hemolytic activity. In: 
Proc 2nd Infl Workshop of the In Vitro Effects of Mineral Dusts, Arkadelphia, AR, 
April 5-6,1982.

36. Langer AM, Nolan RP: Membrolytic properties of quartz, h: Proc 2nd Ann Geol 
Alumni Assn, Brooklyn College, CUNY, p. 4, April 28-30,1983 (abstract).

37. Nolan RP, Langer AM, Foster KW: Recognition of quartz by erythrocyte membranes.
In: 6th Int'l Penumoconiosis Conf, Bochum, FDR, September 20-23,1983 (Abstract 
198).

38. Nolan RP, Langer AM, Foster KW: Physico-chemical factors effecting membrolytic 
properties of quartz. Jn: 6th Int'l. Pneumoconiosis Conf, Bochum, FDR, September 
20-23,1983 (Abstract 199).

39. Langer AM, Nolan RP: Surface properties of quartz and membrane activity. Jn: Infl 
Symp Silica, Silicosis and Cancer, Chapel Hill, NC, April 3-5,1984.

40. Langer AM: Asbestos, fibrous minerals, acicular cleavage fragments and the mineral ■ 
industries. Jn: Infl Congr Applied Mineralogy, Los Angeles, February, 1984.

41. Langer AM: Minerals and disease: the association between exposure to minerals 
and rock dust and the occuiTence of human disease. Jn: Infl Congr Applied 
Mineralogy, Los Angeles, February, 1984.

42. Langer AM: Mineral fiber in water? Jn Medical Geology Conference on Health
‘ Threatening Toxins in Water, Brooklyn College, NY, May, 1984.

43. Constantopoulos SH, Langer AM, Saratzis N, Goudevenos JA, Selikoff IJ: Metsovo 
lung: pleural calcifications and malignant pleural mesothelioma in northwestern 
Greece. Tremolite asbestos used for whitewashing as etiology. Jn: 3rd Infl Conf 
Environmental Lung Disease, Am Coll Chest Phys, Montreal, Canada, October 15- 
18,1986. Chest 91 (2):300,1987.



44. Langer AM, Nolan RP: Fiber type and parenchymal burden found in workers 
occupationally exposed to asbestos fiber in the United States. Implications for risk 
assessment in the general population. Mineral Fiber in the NorvOccupational 
Environment, Lyon, France, October 8-10,1987.

45. Langer AM, Nolan RP: Mineralogicai and biological comparison of asbestiform and 
non-asbestiform tremolite. AIME Annual Meeting, Phoenix, AZ, January 25-28,1988.

46. Langer AM, Nolan RP, Bowes DR, Shirey S: Inorganic particles in cigarettes and 
cigarette smoke. jn: Biological Interaction of Inhaled Mineral Fibers and Cigarette 
Smoke. International Symposium/Workshop, Seattle, WA, April 10-14, 1988.

47. Nolan RP, Langer AM, Herson GB: Physico-chemical properties of the
titanium dioxide polymorphs and biological activity, jn: Biological Interaction of

Inhaled Mineral Fibers and Cigarette Smoke. International
Symposium/Workshop, Seattle, WA, April 10-14,1988.

48. Nolan RP, Langer AM, Herson GB: Membranolytic activity of palygorskite and 
sepiolite. h: IVth International Conference on the Effects of Mineral Dusts on Cells, 
p. 15, Oxford, Quebec, Canada, 1988.

49. Langer AM, Nolan RP, Herson GB: Membranolytic activity and physicochemical 
characterization of phosphorylated Canadian chrysotile. jn: IVth International 
Conference on the Effects of Mineral Dusts on Cells, p. 14, Oxford, Quebec, Canada,
1988.

50. Nolan RP, Langer AM, Herson GB: Physicochemical character-istics of quartz dust 
which controls its biological activity, jn: Vllth International Pneumoconiosis 
Conference, DHHS (NIOSH) Publication No. 90-108, Part I, 754,1990.

51. Langer AM, Nolan RP: Fiber type and risk of mesothelioma to building occupants, h: 
Health Aspects of Exposure to Asbestos in Buildings. Energy and Environmental 
Policy Center, John F. Kennedy School of Government, Harvard, University, 
Cambridge, MA, December 14-16,1988.

52. LangerAM.PooleyFD, Nolan RP: Phyllosilicates: Associated fibrous minerals, jn: 
First International Conference on Health Related Effects of Phyllosilicates. NATO 
Advanced Research Workshop, Paris, France, March 16-18,1989.

53. Nolan RP, Langer AM, Herson GB: Characterization of palygorskite specimens from 
different geological locales for health hazard evaluation, jn: First International 
Conference on Health Related Effects of Phyllosilicates. NATO Advanced Research 
Workshop, Paris, France, March 16-18,1989.

54. Langer AM, Nolan RP: The importance of mineral subpopulations in biological 
assays, jn: NATO Advanced Research Workshops on Mechanisms in Fibre 
Carcinogenesis. Albuquerque, New Mexico, October 22-25,1990. 49-50.
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55. Nolan RP, Langer AM, Oechsle GW, Addison J, Colflesh DE: Association of 
, tremolite habit with biological potential, h: NATO Advanced Research Workshops

on Mechanisms in Fibre Carcinogenesis. Albuquerque, New Mexico, October 22- 
25,1990. 57.

56. Langer AM: Fiber types, fiber sizes, and asbestos diseases. Andrews 
Communications Seminars. 2nd Asbestos Litigation. The Eye of the Storm. 25-26 
February, 1991. Bal Harbour, Florida.

57. Nolan RP, Langer AM, Oechsle GW, Johnson NF: Physicochemical 
characterization of selected zeolite minerals for health hazard evaluation. Fourth

Inti. Conf. Env. Lung Disease. Montreal, Canada, September 25-28,1991.
t

58. Nolan RP and Langer AM: Characterization of fibers for Health Hazard evaluation. 
Critical Research Needs. Workshop on Chemical and Biological Interactions of

! Glass. Bethesda, MD, 5-6 Mar, 1992.
59. Langer AM and Nolan RP (1992). Comparison of lung tissue mineral fibre 

retention of exposed workers and the general population, jn: Biopersistence of
J respirable synthetic fibres and minerals. 7-9 Sept, 1992. Lyon. p. 26.

60. Nolan RP, Langer AM, and Addison J (1992). Health hazard evaluation of the lung 
| tremolite fiber content among Canadian chrysotile workers, hr Biopersistence of 
! respirable synthetic fibres and minerals. 7-9 Sept, 1992. Lyon. p. 52.

6j1. Langer AM, Nolan RP (1993). Factors controlling the biological potential of inorganic 
| dusts: surface character and chemistry. 4th International Inhalation Symposium, 
j Hannover. Toxic a nd Carcinogenic Effects of Solid Particles in the Respiratory Tract, 

1-5 March, 1993, Hannover. Abst. A-10, p. 48.
?

62. Langer AM, Nolan RP (1993). Physico-chemical characteristics of quartz dust which 
; controls its biological activity. Clay Minerals Society Meeting. San Diego, 25-30

Sept, 1993.
' \

)

63. Nolan RP, LangerAM (1995). Evaluation of the health hazards of asbestos in a mine. 
Goldschmidt Symposium, Penn State University, May 24-26,1995, p. 75.

64. Langer AM, Nolan RP, Herson GB (1995). Chemically modified chrysotile asbestos: 
Physical-chemical characterization and membranolytic activity of phosphorylated

| Canadian chrysotile. Goldschmidt Symposium, Penn State University, May 24-26,
; 1995, p. 63.
[

65. Langer AM, Nolan RP (1995). Physical chemical properties of fibers other than . 
asbestos used in global commerce. Symposium on the Health Effects of Fibrous

’ Materials used in Industry Excluding Asbestos. Sydney, Australia, October 30-31,
! 1995, p. 12.
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66. Nolan RP( Langer AM, Murray R (1996). The exposure response relationship
of chrysotile asbestos. Conference on Asbestos and Health, Asbestos City, 

Russian Federation. June 4-7,1996.

67. Nolan RP, Langer AM, Murray R, Grinberg LM, Kogan FM, Tregubov ES, 
Kuschner M (1997). Pulmonary fibrosis and lung content analysis of Russian 
chrysotile workers. Preliminary results. 6th International Inhalation Symp., 
“Relationship Between Respiratory Disease and Exposure to Air Pollution.” 
Hannover, February 24-28,1997.

68. Langer AM (2003) Control and monitoring of asbestos in the United States. 
Regulatory overview of asbestos and other fibrous minerals. International 

Symposium on the Health Hazard Evaluation of Fibrous Particles Associated with 
Taconite and the adjacent Duluth Complex. St. Paul Minnesota, March 30 - April 1,
2003, p. 45-46.

MAJOR PROJECT REPORTS:

1. Report to the U:S. Consumer Products Safety Commission: Mineralogical Analysis 
of Two "Play Sands" For Their Asbestos Contents. Langer AM, Nolan RP. 26 
November, 1986.9p., 4 Tables, 18 plates.

2. Chrysotile and chrysophosphate. A comparative study of their physicochemical 
properties and membrane activities. A report to SNA-Chrysophosphate, Canada.

Langer AM, Nolan RP, p. 87, June 1,1987.

3. Report to the U.S. Consumer Product Safety Commission: Mineral Analysis of a 
Carbonate Play Sand. Langer AM, Nolan RP. July, 1987.19 p., 3 Tables.

4. Wollastonite in the pulmonary tissues on animals. A report to Northrop Services 
Industries, National Toxicology Program. Langer AM, Nolan RP, p. 101,

June 15,1989.

5. Preparation, examination and characterization of mineral standards by analytical ' 
electron microscopy. A report to Battelle Columbus Laboratories, Langer AM,

Nolan RP, Pooley FD, Gieseke JA, Fisher G, 61 p., December 12,1989.

6. Comparison and evaluation of the analytical capabilities of three U.S. 
laboratories for submicroscopic particulate analysis. A report to Battelle

Columbus Laboratories, Langer AM, Nolan RP, Gieseke JA, Fisher G. February, 
.1991.

7. Report on the measurement of fiber release from simulated steam-stressed 
Durabla gaskets (120E, 160E, 190E for 5 hours) for health hazard evaluation. A 
report to Durabla, Inc., Langer AM, Nolan RP, 21 p., January 31,1992.

Measurement of fiber release from simulated steam-stressed Durabla gaskets for8.
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health hazard evaluation. A report to Durabla, Inc., Langer AM, Nolan RP 
(revision 1/31/92 report) 29 p., July 16,1992.

9. Report on the measurement of fiber release from simulated steam-stressed Durabla 
gaskets (120EC, 160EC, 190EC for 5 days) for health hazard evaluation. A report to 
Durabla, Inc., Langer AM, Nolan RP, 23 p., November 6,1992.

10. Report on the measurement of fiber release from simulated steam-stressed Durabla 
gaskets (250EC, 30 days) for health hazard evaluation. A report to Durabla, Inc., 
Langer AM, Nolan RP, 25 p., December 9,1992.

11. The Identification and Quantitation of Small Asbestos Fibres in Injectable Medicines. 
Technical Expert Report Prepared for Hoffman-LaRoche, Basel. 16 p. Addison J, 
Burdett GJ, Langer AM, Muhle H. 1993.

12. Analysis of rockwool fibers by scanning electron microscopy. A report to Lapinus 
Fibres, B.V., Netherlands. Nolan RP, Langer AM, 13 p., November 29,1993.

13. Analysis of rockwool fibers by scanning electron microscopy. A report to Lapinus 
Fibres, B.V., Netherlands. Nolan RP, Langer AM, 25 p., November 29,1993.

14. Report on Chrysotile Fibers Released from the Manipulation of Asbestos Packings. 
Nolan RP, Langer AM. 3p. 2Figs. November 30,1993.

15. Release of Rockwool Fibers From Compressed Gasket Material. A report to Lapinus 
Fibres, B.V., Netherlands. Nolan RP, Langer AM, 38 p., Appendix, January 31,1994.

1,6. Analysis of Quarry Sample #01, #08 and #18 for asbestos content. The 
Readymix Group, Australia. Nolan RP, Langer AM, 39 p., March 9,1994.

17. Report on Air Samples From Pine Lake Elementary School, Bloomfield, Michigan. 
Asbestospray Corporation. Langer AM, Nolan RP. 2p., 44 p Appendix, 2 Tables.

July 14,1994.

18. Analytical Method for the Determination of asbestos Minerals in Parenteral 
Medicines. Der Verband der Chemischen Industrie. Addison J, Burdett GS, 
Chatfield EJ, Christiansen CP, Gotz J, Kaiser D, Kurz G, Langer AM,
Muhle H, Wachberger E. 76p. August, 1994.

19. Report of the Examination of Australian Quarry Dust and Mineral Specimens. The 
Readymix Group, Australia, Nolan RP, Langer AM, Pooley FD, 12

! p.,18 figs., October 28,1994.

20. Health Hazard Evaluation of the CD #1 Pit.Empire Mine, Palmer, Michigan. A 
report to Cleveland-Cliffs Corp., Nolan RP, Langer AM, Wilson R, 90 p., January,

1995,, February 17,1995.
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21. Environmental Analysis of Four Tailing Surface Samples for Arsenic and 
Asbestos. Nolan RP, Langer AM, Pooley FD, 41 p., March 20,1996.

22. A Risk Assessment for Installers of Blown Glass Wool Insulation. Prepared for 
the Blown Glass Wool Contractors, U.S. Wilson R, Nolan RP, Langer AM, 57 p.

Text, 16 Tables, Appendix, April 16,1996.

23. Is Respirable Fine Crystalline Silica Present in Polyethylene Dust? A Report to 
Novacor Chemicals, Canada. 39 p., 3 Tables; 28 Figures, June 15,1996.

24.Comments on the National Toxicology Program's Draft Report on Carcinogens.
Talc Luzenac. Background Document for Talc Asbestiform and Non-Asbestiform.

Addison J, Langer AM. November 2000.15p.

Books Edited

Carcinogenicity of Inorganic Substances. Risks from Occupational Exposure. The Royal
Society of Chemistry. Cambridge, England. 286 p. 1997. Co-Editor.

The Health Effects of Chrysotile Asbestos. Contribution of Science to Risk Management
Decisions. Mineralogical Society of Canada. Canadian Mineralogist Special Paper No.
5. 398 p. 2001. Co-Editor.

INTERNATIONAL ORGANIZATION DOCUMENTS:

1. Evaluation of Carcinogenic Risk of Asbestos. Volume 14. Asbestos. Series. IARC 
Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Man. Inti 
Agency for Res. on Cancer-WHO, Lyon. 106 p. 1977. Co-Author.

2. Asbestiform Fibers - Non-Occupational Health Risks. National Academy of 
Sciences. National Research Council. National Academy Press, 334 p., 1984. Co- 

Author.

3. International Programme on Chemical Safety (IPCS). WHO. Environmental 
Health Criteria 53: Asbestos and Other Natural Mineral Fibres. Hannover,

Germany. 194 p., 1986. Co-Author.

4. Silica and Some Silicates. Volume 42. Series IARC Monographs on the Evaluation 
of Carcinogenic Risk of Chemicals to Man. Inti Agency for Res. on Cancer - WHO, 
Lyon. 289 p.( 1987. Co-Author.

5. Asbestos in Public and Commercial Buildings: A Literature Review and Synthesis 
of Current Knowledge. Health Effects Institute, Cambridge, MA and U.S.

Environmental Protection Agency. 300 p., 1991. Co-Author.

6. International Programme on Chemical Safety (IPCS), WHO. Workshop on Health 
Risks Associated With Chrysotile Asbestos. Isle of Jersey. Ann. Occup. Hyg., 38,
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397-646.1995. Co-Author.

7. International Programme on Chemical Safety (IPCS), WHO. Environmental Health 
Criteria Document For Chrysotile. Geneva, Switzerland - July 1-6, 1996. 

Co-Author.

MANUSCRIPTS IN PREPARATION:

Langer AM: Distribution of amosite and chrysotile fibers in the lung of an exposed 
worker: role of fiber size and type.

Langer AM, etaj: Amosite fiber size-distribution at a fabrication plant: mesothelioma 
and fiber dimension.

Langer AM, et a]: Asbestos bodies in two periods of time: review, secular trends, 
New York City, 1915-1970.

POSTGRADUATE EDUCATION COURSES:

Page and Black Postgraduate, Mount Sinai School of Medicine: Asbestosis.
June, 1970

NY Academy of Sciences, Seminars for Trade Union Representatives: Occupational 
Health Hazards. April, 1971

American College of Chest Physicians, Mount Sinai School of Medicine, NY: Interstitial 
Pneumonias-Acute and Chronic. April, 1971

United States-USSR Onco-Epidemiology Delegation: Workshop on Basic Practical 
Approaches to Environmental Carcinogenesis, Mount Sinai. February 12,1975

Seminar Series. Division of Natural Sciences. Agents in the Environment. May, 1974.

Page and Black Postgraduate, Mount Sinai School of Medicine: Environmental Lung 
Disease. June, 1976

Office of Continuing Education, Baylor Medical College, Houston, TX: Pulmonary 
Diseases and Carcinoma of the Lungs, Baylor Medical School, Houston, TX. February, 
1977 \

New York Lung Club, Cornell University Medical College: Silicosis revisited. New York 
City Tunnel and Caisson Workers: 1928-1977. November, 1977

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY: Recent 
Advances in Occupational Medicine. January, 1978

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY:
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Occupational and Environmental Pulmonary Diseases. March, 1978

Page and Black Postgraduate, Mount Sinai.School of Medicine, NY: Health Effects of 
Asbestos Exposure. Course Director. June, 1978

Page and Black Postgraduate, Mount Sinai School of Medicine, NY: Asbestos 
Associated Diseases: With Particular Reference to United States Shipyards. 
November, 1978

Page and Black Postgraduate, Mount Sinai School of Medicine, NY: Scientific Basis for 
Evaluation of Occupational and Environmental Asbestos Disease. January 1979

Office of Continuing Education, Baylor Medical College, Houston, TX: Asbestos 
Symposium. Asbestos-Associated Diseases, Houston, TX. October, 1979

Page and Black Postgraduate, Mount Sinai School of Itedicine, New York, NY: 
Asbestos in Shipyards. January, 1980

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY: 
Management and Control of Asbestos in Public Buildings. March, 1980

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY: Health 
Effects of Asbestos in Public Buildings. June, 1980

College of Medicine and Dentistry of New Jersey: Rutgers Medical School, Recent 
Advances in Occupational Toxicology, Graduate Center, NY. September, 1980

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY: Recent 
Advances in Occupational Medicine. November, 1981

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY: Scientific 
Basis for Evaluation of Asbestos-Associated Diseases. December, 1982

Mount Sinai School of Medicine Electives Program. Department of Community Medicine.
1984-1985. Mineralogy of Biologically Active Inorganic Particles. Laboratory Studies.

Page and Black Postgraduate, Mount Sinai School of Medicine, New York, NY: 
Asbestos in Schools and Public Buildings, Hasbrook Heights, NJ. March, 1985

Environmental Lung Disease. American College of Chest Physicians. Mineralogy 
Techniques. Montreal, Canada. September, 1991

Environmental Geology Seminar. Graduate Center - CUNY. September, 1993-
February, 1994; 1994-1995; 1995-1996; 1996-1997; 2000-2001; 2003; 2004.

Current course listing in the Graduate School include seminars in Earth and
Environmental Sciences; Interdisciplinary Concentration in Health and Society; Public
Policy and Urban Studies.
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INVITED SEMINARS AND LECTURES:

Lawrence Radiation Laboratory, Livermore California. Crystallography Division. “Analysis 
of Ultra-fine Mineral Dust”. June, 1964.

Union College, Schenectady, NY, Department of Geology and Civil Engineering. 
"Asbestos and Lung Disease." April, 1967.

Barnard College, NY, Department of Geology. "Asbestos Fiber in the Ambient Air and 
Disease Potential." December, 1968.

Food and Drug Administration, Washington DC. “Asbestos Bodies in the General 
Population - Fibers in Talc as Possible Sources of Exposure." May, 1968.

The Rockefeller University, Air Pollution Working Group, Health Research Council. 
"Analysis of Air Samples for Inorganic Constituents." June 9,1969.

New York University Medical Center, New York Lung Club. "Sublight Microscopic 
Mineral Particles in Talc Pneumoconiosis. Physiology and Mineralogical Studies." 
November, 1970.

Leheigh College, Department of Material Sciences and Metallurgy- "Electron Probe 
Characterization of Particles in Tissues." April, 1971.

Oberlin College, OH, Department of Geology. "Asbestos Dust in the Workplace and 
Human Disease." May, 1971.

Department of Housing and Urban Development. Asbestos and Disease. New York. 
August, 1971.

State University of New York at Buffalo, Department of Biophysical Sciences. "The 
Asbestos Problem. An Interdisciplinary Approach." April, 1972.

Queens College of the . City University of New York, Department of Earth and 
Environmental Sciences. "Asbestos and Disease. How Wide is the Spectrum?" 
November, 1972.

Columbia University, NY, Department of Geology and Biological Sciences. 
"Contamination of the Environment with Mineral Particles." December, 1972.

College’of South Hampton, Long island University, Division of Chemical Sciences and 
Oceanography. " The Contamination of Lake Superior with Fibrous Silicates." January, 
1973.

National Institutes of Health. Biological Effects of Asbestos. "Mechanism of Fiber Action." 
National Institutes of Health, Bethesda, MD, February 1,1973.
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City College of the City University of New York, Department of Earth and Planetary 
Sciences. "Mineral Particles and Human Disease." May, 1973.

Queens College of the City University of New York, Department of Health Sciences. 
"Occupational Hazards as Harbingers of Environmental Hazards." September, 1973.

Rutgers University, Colonial Conference Tri-State Environmentalists. "Recognition of 
Environmental Hazards: Use of Academic Facilities for Monitoring and Control of 
Hazards." November, 1973.

Johns Hopkins University, School of Public Health. "Asbestos Minerals and Disease." 
Seminar. April, 1974. .

Rutgers University, Department of Environmental Sciences. "Mineral Particles in the Air." 

June, 1974.

Mt. Sinai Pathology Seminar Series. Studies of Minerals in Disease. With J. Churg. 

May, 1974. '

Temple University, Department of Geology. "Amphibole Contamination of Lake 
Superior Water from Taconite Processing." September 20,1974.

Mt. Sinai Physical Medicine and Rehabilitation. Environment Hazards. January 8,1975.

National Cancer Institute. Soviet Onco-Epidemiology Delegation. Mineralogy of 
Asbestos. Mt. Sinai, New York. February 12,1975.

Rutgers University. Department of Environmental Science. Occupational Health 1975: 
Status and Prognosis. February 25,1975.

New York Lung Club. Cornell Medical Center. A Silicosis Revisited. New York City 
Tunnel and Caisson Workers -1928-1977. September 25,1977.

American Museum of Natural History, Department of Mineral Sciences. "Minerals and 
Disease." September, 1978.

Rutgers University, Department of Chemistry. "Minerals and Their Biological Activity." 
October, 1978.

University of North Carolina, Department of Medicine. 1) "Analytical Methods of Tissue 
Analysis, Asbestos Bodies and Asbestos Fibers": 2) "Inorganic Particles in Cigarettes 
and Cigarette Smoke." November, 1978.

Lutheran Medical Center. Current Perspectives in Environmental Health Hazards. 
Pulmonary Dust Burden and Response to Inorganic Particles. February 8,1979.



University of Maine, Farmington, Department of Geology. 1)"The Asbestos Problem"; 2) 
"Evolution of an Environmental Scientist, A Personal View.” March, 1979.

Rational Institutes of Health. Forms of Asbestos of Public Health Concern. Scientific 
Basic For Public Health Control of Environmental Asbestos Hazards. The Physical- 
Ghemical Nature of Asbestos. Factors Relating to Biologicali Activity. Mazur Auditorium, 
Bethesda, Maryland. March 29,1979.

, School of Public Health, Columbia University. "Epidemiology of Asbestos Diseases" 
May 7,1979.

New York Medical Examiner's Conference. "Analysis of Tissues for Asbestos Fiber and 
Asbestos Bodies." June, 1979.

Seton Hall University, Department of Chemistry. "Minerals and Disease: Interaction 
Mechanisms." October 2,1979.

American Institute of Mining Engineers, Tucson. "The Biological Effects of Inorganic 
Fibers: The Case Against Asbestos" (invited speaker). October, 1979.

Geological Society of London. “Mineralogy and Geochemistry of Particulates in Cigarette 
Simoke", with Dr. Bowes. January 11,1980.

American Chemical Society, Staten Island Section. "Minerals and Diseases: Physical 
and Chemical Factors." February 19,1980.

Spciety of Sigma Xi Lecture. "Man in Conflict with His Physical Environment." Invited 
Speaker for Initiation Ceremony, Hunter College of the City University of New York, May 
13,1980.

3 .
Universities Occupational Safety and Health Educational Resource Center. Particulant 
Inhalants In: Recent Advances in Occupational Toxicology. NIOSH.
26 September, 1980.

i ‘ ,
National Institutes of Health, Bethesda, Department of Health and Human Services 
CCERP-26. "Serpentine-Containing Host Rocks: Amphibole-Containing Host Rocks." 
November, 1980.

E<x>nomic Geology Chapter Queens College of the American Institute of Mining, 
Mjetallurgical and Petroleum Engineers. “ Conflict Between Man and the Mineral World: 
Asbestos.” March 26,1981.

* \
NIEHS-EPA-NIOSH Joint Committee at Bethesda. "Mount St. Helen's Volcanic Ash: 
Mineral Nature and Biological Activity." July 23,1981.

The Rockefeller University. "Minerals as Toxic Agents: important Parameters and 
Mechanisms." Invited speaker in series on Comparative Toxicology, February 12,1981.
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Kettering Laboratory, University of Cincinnati Medical Center. "Silica and Silicosis: 

Mechanisms." April 8,1981.

University of California, Irvine, Occupational and Environmental Health Center. 
"Physicochemical Properties of Inorganic Dusts and Biological Consequences of 
Exposure." Occupational Medicine Series, December 2,1981.

Barlow Hospital, Los Angeles, University of Southern California Medical School. 'Tissue 
Analysis for Asbestos, Comparative Techniques." Chest Service, Department of 
Medicine, December 3,1981.

Appalachian Laboratory for Occupational Safety and Health NIOSH-CDC, Morgantown, 
West Virginia. "Surface Properties of Silica and Its Biological Activity." February 24, 

1982.

National Institute for Occupational Safety and Health. "Silica and Silicosis." Cincinnati, 
March 24,1982.

Society of Sigma Xi Lecture, Queens College of the City University of New York. "The 
Case Against Chrysotile Asbestos." December 2,1982.

National Institute of Environmental Health Sciences, Pathobiology of Mesothelioma, 
Research Triangle Park, NC. "Physicochemical Character of Dust and its Role in 
Inducing Human Mesothelioma." January, 1983.

Geology Seminar, Long Island.University, College at South Hampton. "The Biological 
Effects of Asbestos." March 18,1983.

Graduate Seminar, Rutgers University, Department of Geology. "Physical-Chemical 
Properties of Minerals and Their Biological Activities." April 13,1983.

Symposium on Fibrous Minerals, American Lung Association Annual Meeting; Kansas 
City, MO, "Mineralogy of Mineral Fibers." May 8,1983.

Faculty Research Collegium, Ph.D. Program Earth and Environmental Studies, CUNY, 
Graduate Center, NY. "Physicochemical Properties of Minerals Controlling Biological 

Activity." March 6,1984.

Graduate Seminar, Department of Geology, Princeton University. "Minerals and 
Disease." Princeton, NJ, March 8,1984.

•Graduate Seminar, Department of Biology, New York University, New York, NY. 
"Asbestos: Biological Considerations." April 16,1984.

Medical Geology Conference on Health Threatening Toxins in Water. "Asbestos Fiber in 
Water." May 3,1984.
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Asbestos Information Association of North America, Annual Meeting, Alexandria, VA. 
"Asbestos Substitutes. How Safe are They?" September 18,1985.

American Society for Testing Materials, Annual Meeting, Bal Harbour, FL. "Method for 
testing Indoor Air for Asbestos. Analytical Electron Microscopy." November 4,1985.

University of Southern California Medical School. "Membranolytic Properties of Quartz 
and Phosphorylated Chrysotile Fiber." January 29,1985. Main Campus. "Asbestos 
Fiber in Lung Tissue - Analysis by Analytical Electron Microscopy." January 30,1986.

Mine Health Research Advisory Committee. CDC-NIOSH. The Mineralogy of the 
Asbestos Minerals. Tuscon, Arizona. May 29,1986.
Milton Kannerstein Lecture. "Mineral Dust and Pulmonary Lesions." Annual Meeting of 
the Klemperer-Otani Society. Mount Sinai, June 5,1986.

Northeast Regional Environmental Public Health Center, University of Massachusetts. 
Symposium: Asbestos in Play Sand. "Tremolite Analysis, Morphology, and Health 
Significance." February 11,1987.

The Defense Research and Trial Lawyers Association, Reno, NV. "Analytical Protocol for 
the Study of Sublight Microscopic Particles in Human Tissues": "Types and Amounts of 
Asbestos Fibers in the Pulmonary Tissues of Asbestos-Exposed Workers in the United 
States." October 30,1987.

V

The Manville Settlement Trust Asbestos Disease Seminar, Washington, DC. "Asbestos 
Fibers: The Physico-Chemical Properties and Health Effects." March 16,1988.

Electron Microscopy Society of America, Milwaukee, Wisconsin. "Electron Diffraction of 
Mineral Fibers v. Cleavage Fragments.” August 9,1988. Invited Speaker.

Asbestos Fiber Type and Risk of Disease, Conference: New York - New Jersey 
Environmental Expo: The Source for Environmental Solutions. Seminar 7E, The 
Management of Asbestos in the 1990's. Thursday, October 18,1990.

i
American Industrial Hygiene Association, Georgia Section, Atlanta Georgia. Conference: 
The Asbestos Controversy. Has the Public Been Properly Informed? "Understanding the 
Asbestos Risk." November 30,1990.

Armstrong Defense Group. Memphis, Tennessee. The Asbestos Saga and the Star 
Whrs Trilogy: The Empire Strikes Back! Thursday, April 25,1991.

Department of Medicine - Pulmonary, New York University Medical Center. Pulmonary . 
Grand Rounds. Particle Characteristics Responsible for Pneumoconiosis and Cancer. 
Tuesday, September3,1991.

Nelson Institute of Environmental Medicine, New York University School of Medicine.
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Surface Properties of Minerals as Determinants of Biological Activity. Tuxedo, New York. 

Wednesday, October 23; 1991.

Defense Research Institute. Current Issues in Asbestos in Buildings Seminar. Report 
From the Health Effects Institute. Orlando, Florida. Friday, January 24,1992.

Characteristics of Mineral Fibers - Critical Research Needs. Invited to Workshop on 
Chemical and Biological Interactions of Glass. Bethesda, Maryland, March 5-6,1992.

Mealeys National Lead Litigation Conference. Presented: Bioavailability of Lead. April 
22-23,1993. Philadelphia, Pennsylvania.

McGrath Fund Lectures. Current Topics in Environmental Science. Division of Natural 
Sciences, South Hampton Campus of Long Island University. Update on Asbestos. A 

Asbestos Risk Assessment. May 3,1994.

United States Environmental Protection Agency. Environmental Asbestos Workshop: 
Chrysotile Asbestos. Comparative carcinogenicity with the amphibole asbestos 
varieties. Monterey, California. October 7,1994.

Defense Research Institute Symposium. Asbestos Medicine Seminar. Health risks 
associated with low-level asbestos exposures, (with Dr. B. Gee). New York. October 26- 
28,1994.

. Environmental Business Association of New York State. Environmental Research in New 
York State. April 26,1995.

McGrath Fund Lectures. Current Topics in Environmental Science. Division of Natural 
Sciences, South Hampton Campus of Long Island University. United Nations Conference 
on the Environment and Development. May 3,1995.

Lecture Series Department of Chemical Engineering, City College of the City 
University of New York. Inorganic Dust in the Environment. Risk Analysis.
February 1,1996.

City University Graduate Center. Asbestos and Radon: Dangers of Diversions? 
Graduate Center, April 10,1996.

McGrath Fund Lectures. Current Topics in Environmental Science. Division of 
Natural Sciences, South Hampton Campus of Long Island University. Man
made Vitreous Fibers as Asbestos Substitute. Are They Safe? April 24,1996.

McGrath Fund Lectures. Current Topics in Environmental Science. Division of 
Natural Sciences, South Hampton Campus of Long Island University. Epidemiology and 
Human Studies of PCBs. Is there a risk? April 29,1998.

Defense Research Institute. Asbestos Seminar. The Mineralogy of Fibers and Its Relation
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to Asbestos Causation. November 11-12,1999. Las Vegas, Nevada.

McGrath Fund Lectures. Current Topics in Environmental Science. Division of Natural 
Sciences, South Hampton Campus of Long Island University. “Is South Hampton 
Surrounded by a Sea of Carcinogens?” April 26,2000.

Andrews Essential Skills in Asbestos Litigation. A Look at the Mineralogy of Asbestos. 
November 30,2000. Washington DC.

John Jay College of Criminal Justice and the United States Federal Emergency 
Management Plan (FEMA). “The Future of Urban Architecture” January 23-24, 2003.

McGrath Fund Lectures. Current Topics in Environmental Science. Division of Natural 
Sciences, South Hampton Campus of Long Island University. "Is Global Warming a Factor 
in the Spread of Infectious Disease?” May 7,2003.

Defense Research Institute. “The Environmental Protection Agency. Revisiting the Issue of 
Fiber Type and Properties.” November 6-7,2003. Miami, FL.

American Industrial Hygiene Association. St. Louis Chapter. “The US EPA. Looming 
Policy Changes.” January 23,2004. St. Louis, MO.

Asbestos Cement Products Producers Association International. “Asbestos-Containing 
Friction Products. Is There a Risk in Use? Miami, Florida. April 19-20,2004.

Defense Research Institute. “The Mineralogy of Silica.” Atlanta, Georgia. June 10-11, 
2004.

Defense Research Institute. 'The Mineralogy and Properties of Crystalline Silica," Atlanta 
Georgia. June 16-17,2005.

Defense research Institute. “Tremolite. Mineralogy, Habits, and Biological Activity." 
Miami Florida. November 2-4, 2005.

INVITED INTERNATIONAL MEETINGS AND CONFERENCES:

Physics and Chemistry of Asbestos Minerals. Oxford, July, 1967. Presented: TheNayre 
of Soft and Harsh Chrvsotile (with KerrPF.).

Second International Conference on the Biological Effects of Asbestos. Dresden, DDR, 
April, 1968 (two papers with Berkley C, Sastre A, Ameson A and Schwartz J).

International Conference on Pneumoconiosis. Johannesburg, April 23-May 2,1969. 
Presented: Electron Microprobe Analysis of Asbestos Bodies (with Rubin IB and Selikoff 
IJ).
Working Group: Asbestos and the Asbestos Diseases. Cardiff, April 6-9, 1970. 
Presented: Identification of Minerals in Tissue with the Electron Probe.
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British Occupational Hygiene Society: Inhaled Particles and Vapors. Imperial College, 
London, September, 1970. Presented: Inorganic Fibers. Including Chrvsotile. in Lungs at 
Autopsy (with Baden V, Selikoff IJ, and Hammond EC).

Fifth National Conference on Electron Microprobe Analysis. New York, July21-24,1970. 
Invited paper: Electron Microprobe Analysis of Particles in Tissues (with Berkley C and 
Rubin IB).

Second International Clean Air Congress. Washington, DC, May 1971. Paper with 

Selikoff IJ.

International Agency for Research on Cancer. WHO, Lyon, September, 1972. 
Presented: Identification of Single Asbestos Fibers in Human Tissues with Pooley FD.

6th International Meeting of Forensic Sciences. Edinburgh, September, 1972. Presented 
paper Asbestos Fiber in Human Lunos: Forensic Significance in Environmental Disease 
(with Ehrenreich T).

Dialogues in Microscopy, 1973, NY. Microscopical Society. Chaired Session: 
Identification of Asbestos, May, 1973.

International Conference on the Biological Effects of Ingested Asbestos. NIEHS 
sponsored. Pinehurst, NC, November, 1973.

American industrial Hygiene Conference. Miami. Presented paper 
Asbestos exposure During Brake Maintenance and Repair. With Rohl AN, Anderson H, 
Nicholson WJ. May, 1974

i
International Conference on Environmental Sensing and Assessment. Las Vegas, NV, 
September, 1975 (paper with Rubin IB and Wolff M). Chaired 2 Sessions: Fine Particles- 
7; Fine Particles-2. United States Environmental Protection Agency.

Conference on Health Problems of Energy Technologies. Held by NIEHS, January, 1976. 
Pinehurst, North Carolina.

Mineralogical Society of London. Centenary of the Mineralogical Society. London, April,
1976. Presented paper Nature and Range of Mineral Dust in the Environment. London.

International Agency for Research on Cancer. The World Health Organization, Lyon. 
Invited member of working group, December, 1976. Chemical Carcinogenesis 
Monograph Series. Evaluation of Carcinogenic Risk of Asbestos. Vol. 14.

Third International Symposium on Detection and Prevention of Cancer. International 
Agency for Research on Cancer. April 26-May 1, 1976. New York. Identification of 
Microparticles. Workshop Chairman.
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Royal Society of Medicine. Meeting Focusing on Occupational Diseases. London, April,
1977. Presented paper Asbestos Content of Dust Encountered During Brake 
Maintenance and Repair (with Rohl AN, Weisman I, and Klimentidis R).

Invited Consultant to Institute of Public Health. Oslo, Nonway, May, 1977. Presented three 
Fjapers: Contamination of the Biosphere bv Submicroscopic Particles: Asbestos 
Minerals and Their Carcinogenic Effects: Are There Safe Substitutes for Asbestos 
Materials?

Invited Consultant to the Ministry of Mines. Biological Effects of Asbestos. 
Johannesburg, October, 1977. Monograph, Ministry of Mines.

Health Hazards of Asbestos Exposure. New York, June 24-27,1978. Presented paper 
on Contamination of Lake Superior with Amphibole Ganaue Minerals and organized and 
chaired workshop on Significance of Aspect Ratio in Regulation of Asbestos Fiber 
Exposure. Co-authored with A Rohl Asbestos Content of Host Rock in Non-Asbestos 
Mining and Quarrying.

International Conference on Critical Current Issues in Environmental Health Hazards Tel 
Aviv, March 4-7,1979. Presented paper Defining New Asbestos High Risk 
Groups. Chairman Workshop: Laboratory Approaches in Environmental Medicine.

International Agency for Research on Cancer. WHO, Lyon, October, 1979. International 
Conference on the Biological Effects of Inorganic Fibers. Invited Rappateur. Physics and 
Chemistry of Asbestos Minerals.

Expert Consultant, International Metal Workers Federation. Geneva, September, 1980. 
Focus on problem: Asbestos Fiber Contamination of Metal Ore Deposits.

international Conference on Crystalline Deposits in Human Tissues. August 13-14,1981. 
Mount Sinai Hospital, Toronto. Presented paper The Role of Analytical Electron 

Microscopy in Diagnosis of the Pneumoconiosis (with Weisman I, Adams A, and Pooley 

F). .

Annual Symposium Scanning Electron Microscopy. Anaheim, CA, April, 1982. 
Presented paper Identification Characterization and Quantitation of Asbestos Fibers in 
Human Lung Tissue bv Analytical Electron Microscopy.

Fourth Annual Rocky Mountain Center for Occupational and Environmental Health Center. 
Salt Lake City, April, 1982. Invited to present two papers: Fibrous Minerals: Properties 
and Biological Activity: Relationship Between Surface Properties and Biological Activity 
in Health Issues Related to Metal and Non-Metallic Mining.

World Symposium on Asbestos. Montreal, May 24-27,1982. Presented paper Mineral 
Fibers: Properties Imparting Biological Activity.
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6th International Pneumoconiosis Conference. Bochum, Federal Republic of Germany,
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September, 1983. Presented two papers: Recognition of Quartz bv the Erythrocyte 
Membrane: Physicochemical Factors Effecting Membrolvtic Properties of Quartz (with 
Nolan RP, Foster KW, and Simenski R). Chaired Session: Etiopathogenesis of 
Silicosis.

Program of Research on Asbestos. University of Sherbrooke, December 5-6,1983. 
Presented lecture Physicochemical Properties of Minerals as Related to Biological 
Activities.

Workshop on the Pathobiology of Mesothelioma. Etiology and Pathogenesis. Presented 
'■ Properties of Mineral Fibers and Disease. National Institute of Environmental Health 

Sciences, Research Triangle Park, North Carolina. June 11,1983.

2nd International Congress on Applied Mineralogy. February 22-25,1984. Presented 
two papers: Asbestos. Fibrous Minerals. Acicular Cleavage Fragments and the Minerals 
Industries: Minerals and Disease:. The Association Between Exposure to Minerals and 
Rock Dusts and the Occurrence of Human Disease.

Workshop on the Assessment of Mineral Fibers from Human Lungs. Oxford, England, 
September 17-19, 1984. Keynote speaker Problems of Tissue Analysis with the 
Analytical Electron Microscope.

3rd International Workshop on the jn Vitro Effects of Mineral Dusts. Schluchsee, 
Hochschwarzwald, FRG, October, 1984. Physicochemical Properties of Minerals 
Relevant to Biological Activities. State of the Art, (paper with Nolan RP); Alteration of 
surface of quartz and altered biological activity. Member International Organizing 
Committee.

Workshop on Biological Effects of Chrysotile. General Motors Cancer Research 
Foundation. Cardiff, Wales, May 7-9,1986. The Mineralogy of Chrvsotile Asbestos: 
Physicochemical Properties as Determinants of Disease Potential (with Nolan RP).

International Programme on Chemical Safety (IPCS). WHO Environmental Health Criteria 
53. Asbestos and other Natural Mineral Fibres. Hannover, Germany. Session chairman, 
co-author. 194 p., 1986.

International Agency for Research on Cancer. The World Health Organization. Invited 
member of working group. Lyon, France, July, 1986. Chemical Carcinogenesis 
Monograph Series. Evaluation of Carcinogenic Risk of Fibrous Talc. Wollastonite, 
Palvoorskite. Sepiolite, Erionite and Crystalline Silica. Vols. 34-42.

Symposium: Mineral Fibers in the Non-Occupational Environment. IARC-WHO. Lyon, 
France, September 8-10, 1987. Summary of five presented papers; Round-table 
discussant on Environmental Risk. Presented paper: Fiber Type and Parenchymal 
Burden Found in Workers Occupationally Exposed to Asbestos Fiber in the United States 
(with Nolan RP).
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Symposium: Fibers in Friction Materials. Society Automotive Engineers and the 
Asbestos Institute. Symposium organizer and Co-Chairman. Fibers and Health Issues. 
Atlantic City, NJ, October, 1987. Presented summary paper; co-authored 
Physicochemical Properties of Fibers and Biological Potential (with Nolan RP).

*
Symposium. 117th Annual Meeting of the Society of Mining Engineers. Tuscon, Arizona. 
Mineralogical and Biological Comparison of Asbestiform and Non-asbestiform Tremolite 
(with RP Nolan). January 25-28,1988.

Symposium: Safe Use of. Asbestos Cement. Peruvian Ministry of Health and the 
Environment The Asbestos Information Association of South America. Lima, Peru, 
March, 1988.

International Symposium/Workshop: Biological Interaction of Inhaled Mineral Fibers and 
Cigarette Smoke. Session Chairman. Presented paper: Inorganic Particles Found in 
Cigarette Tobacco. Cigarette Ash, and Cigarette Smoke: co-authored Physico-Chemical 
Properties and Membranolvtic Activities of the Titanium Dioxide Polymorphs Compared 
to Quartz. April 10-14,1988.

Electron Microscopy Society of America; the Microscopical Society of Canada: 
Presented paper: Electron Diffraction of Mineral Fibers Vs. Acicular Cleavage 
Fragments. Milwaukee, Wl, August 7-12,1988.

Vfllth International Pneumoconiosis Conference. National Organizing Committee, 
Workshop Chairman, Scientific Organization Committee. Chair: Hazard Recognition of 
Mineral Dusts. Presented: Mineral Fibers in the Lung Tissues of Persons Exposed to 
Asbestos in the United States: Distinguishing Between Tremolite Asbestos and Tremolite 
Cleavage Fragments: Hazard Recognition of the Silica Polymorphs.
Pathology Discussion Group. Pittsburgh, PA, August, 1988.

Session Chairman: Asbestos. Pleural Pathology, and Lung Fiber Burden. Vllth 
International Pneumoconiosis Conference, Pittsburgh, PA, August, 1988.

Workshop on Asbestos Research. Health Effects Institute, American Academy of Arts 
and Sciences, Cambridge, MA, October 31-November 1,1988.

Symposium on the Health Aspects of Exposures to Asbestos in Public Buildings. 
Presented: Fiber Type and Risk of Mesothelioma to Building Occupants. John F. 

Kennedy School of Government, Harvard University, Cambridge, MA, December 14- 16,
1988.

First International Conference on Health Related Effects of Phyllosilicates. International 
Scientific Organizing Committee. Member International Scientific Committee. Session 
dhairman: Health Related Effects After Non-Occubational Exposure. Presented: Fibrous 
Minerals as Natural Contaminants of Phyllosilicates (with Pooley F). Paris, France, March 

16-18,1989.
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International Federation of Building and Woodworkers. Health Hazards in Painting and 
Allied Trades. Presented: Hazards in the Painting Trade. Panelist. Geneva, Switzerland, 

May 8-12,1989.

NATO Advanced Research Workshop^ on Mechanisms in Fibre Carcinogenesis. 
Presented: The Importance of Mineral Subpopulations in Biological Assays.
Alburquerque, NM, October 22-25,1990. Co-authored paper: Association of tremolite 
habit with biological potential, co-authored with Nolan RP, Oechsle G, Addison J, Colflesh 

D.

American Lung Association-American Thoracic Society. 1991 International Conference. 
Presented: Mechanisms of Asbestos-Induced Pulmonary Disease: Importance of 

Surface Properties of Asbestos and Non-asbestos minerals in cell interaction. Anaheim, 
California, May 12-15,1991.

American College of Chest Physicians. Fourth International Conference- Environmental 
Lung Disease. Presented: Diagnostic Methods in Occupational Luna Disease: 
Mineraloaic Techniques. Co-Chair session: Diagnostic Methods in Occupational Lung 
Disease. Montreal, Canada. September 25-28,1991.

Chemical Industry Institute of Toxicology. Workshop on Approaches to Evaluating the 
Toxicity and Carcinogenicity of Man-made Fibers. “Characterization of Man-made 
Vitreous Fibers for Experimentation Purposes." Durham, North Carolina. November 11- 
13,1991.

Institute for Glass Science and Engineering. Workshop on Chemical and Biological 
Interactions of Glass. Discussant on Biologically Important Properties. Bethesda, 
Maryland. March 5-6,1992.

International Geological Congress. Environmental Mineralogy in relation to human health 
and activities. Session I-3-49. Co-chair with N. Kohyama, J. Addison, Kyoto, Japan. 24 
August-3 September, 1992. Introduction. Importance of environmental mineralogy. 
Summing up. 1 September. 1992.

Biopersistence of Respirable Synthetic Fibres and Minerals. Presented: Comparison of 
iuna tissue mineral fibre retention of exposed workers and the general population. With 
RP Nolan co-authored: Health hazard evaluation of the lung tremolite fibre content among 
Canadian chrvsotile workers. With RP Nolan and J Addison. Round-Table discussant on: 
Role of Biooersistence in Pathogenicity. IARC, Lyon. September 7-9,1992.

Symposium on Chemicals and the Environment. Chemical Specialities, '92. Invited 
presentation: Zeolite catalysts. Is there a health risk? Philadelphia, 3-4 November, 1992.

International Life Sciences Institute. 4th international Inhalation Symposium,
Hannover. Invited Faculty Presentation: Factors Controlling the Biological Potential b 

Inorganic Dusts. Surface Chemistry and Character. With R.P. Nolan.
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1-5 March, 1993.

Hoffmann-LaRoche Pharmaceuticals. Analysis of Medicines for Asbestos. Microscopy 
Protocol. Edinburgh, U.K. Institute of Occupational Medicine. April 25-26,1993.

Cellular and Molecular Effects of Mineral and Synthetic Dusts and Fibres. NATO 
Advanced Workshop. Invited paper: Phosphorvlated Canadian chrvsotile. With RP Nolan 
and G Herson. Chaired session: Physico-chemical properties of minerals in relation to 
their biologic effects. Paris, 11-13 October, 1993.

Workshop on the Health Risks Associated with Chrysotile Asbestos. Inti. Commission on 
Occupational Health - Inti. Program on Chemical Safety (WHO) Presented paper: 
Chrvsotile: The Mineral and Its Properties. Jersey; Channel Islands. 14-17, November, 
1993. •

Hoffmann-LaRoche Pharmaceuticals. Protocol for Analysis of Injectable Medicines for 
Asbestos. Workshop. Basel, Switzerland. March 2-4,1994

Verband der Chemischen Industries. Protocol for the Analysis of Chemicals for Asbestos. 
Workshop. Frankfurt, Germany. May 30-31,1994.

Eurometaux (European Association of Metals) and the European Commission, 
Directorate General V. Scientific Organizing Committee InH. Seminar o n Assessment of 
Respiratory Carcinogenic Risk from Occupational Exposure to Inorganic Substances. 
Meeting of the Scientific Committee. Brussels, 17-18 October, 1994.

V.M. Goldschmidt Conference. An Inti. Conference for the Advancement of 
Geochemistry. The Geochemical Society. Invited presentation: Chemically Modified 
Chrysotile Asbestos: Physical-chemical Characterization and Membranolvtic Activity of 
Phosphorvlated Canadian Chrvsotile. With RP Nolan and G Herson. Pennsylvania State 
University, May 24-26,1995.

Eurometaux (European Association of Metals) and the European Commission, 
Directorate General V. Scientific Organizing Committee. In: Seminar on Assessment of 
Respiratory Carcinogenic Risk from Occupational Exposure to Inorganic Substances. 
Meeting of the Scientific Committee. Brussels, 5-8 September, 1995.

International Seminar on Assessment of Carcinogenic Risk from Occupational 
Exposure to Inorganic Substances. Luxembourg, October 17-20, 1995. Scientific 
Committee; Editorial and Scientific Board; Chairman of Session III: Physico-chemical 
characterization of exposures; Co-author of presentation; Working Party Chairman.

Symposium on the Health Effects of Fibrous Materials Used in Industry Excluding 
Asbestos. Sydney, 30-31 October, 1995. Invited Presentation: Physical-Chemical 
Properties of Fibers Other Than Asbestos Used in Global Commerce. AM Langer, RP 
Nolan.

LANGER, ARTHUR M.
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International Programme on Chemical Safety (IPCS), WHO. Environmental Health Criteria 
Document For Chrvsotile. Geneva, Switzerland. Rappateur. July 1 -6,1996.
Senior author chapters 2,3,4,5 and 6.

International Workshop The Health Effects of Chrysotile Asbestos: The Contribution 
Science to Risk Management Decisions. Member of Scientific Committee: International 
Organizing Committee. Co-chairman Session:. Mineralogy, Modem Products and 
Exposures. Presented Health Experience of some U.S. and Canadian workers exposed 
to amphibole asbestos and mixed fiber types. Co-author paper Asbestos fiber types and 
their concentrations in the inside air of buildings. Summary of the symposium. Montreal. 
14-16 September, 1997

International Workshop on Simian Virus 40 (SV-40), Asbestos and Mesothelioma. 
Member of the Scientific Organizing Committee. Presented Historical Development of 
the Association Between Mineral Fiber Exposure and Human Mesothelioma. AM Larger; 
The Role of Luna Content Analysis in Mesothelioma Etiology, (with RP Nolan). New York 
8-9 November, 1997;

International Conference on Urban Terrorism. Homeland Security After 9/11. Terrorism in 
the 21 rst Century. Presented Paper: Future of Urban Architecture-Skyscrapers, Will They 
Be Continued To Be Built? AM Langer. John Jay College of Criminal Justice, New York. 
January 23-24,2003.

International Symposium on the Health Hazard Evaluation of Fibrous Particles Associated 
with Taconite and the Adjacent Duluth Complex. Chaired Sessions I, VI; Rapporteur 
Session II. Presented paper: Control and Monitoring of Asbestos in the United States. 
Regulatory Overview of Asbestos and Other Fibrous Minerals. St. Paul, March 30- April 

1,2003.

Funded Research

Asbestos Disease in New York City Workers. Co-Principal Investigator. Health 
Research Council, New York City. July 1,1966-June 30,1967. $ 39,703.

Silica and Silicosis in New York City Foundation Workers and Tunnel Drivers. 
Principal Investigator. Polacheck Foundation. September 1,1966-August 31,1968. $ 

10,000.

. Microprobe Analysis of Asbestos Bodies and Pseudo-Asbestos Bodies. Co- 
Principal Investigator. USPHS-National Institutes of Health. June 1,1967— May 31,1969. 
$133,245. .

Asbestos Exposure Risk in Defined Human Population. Co-Principal Investigator. 
National Institutes of Health. May 1,1968-April 30,1973. $ 1,306,281.

Biological Effects of Modified Inorganic Fibrous Particles. Co-Principal Investigator. 
Johns Manville Corporation. $ 61,930.
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Insulation Industry Hygiene Reports. Co-Principal Investigator. Johns Manville 
Corporation, International Association of Heat and Frost Insulators and Asbestos 
Workers, National Institutes of Health. September 15,1968 - September 14,1973 
$2,500,000.

i
Asbestos Air Pollution in New York City. Co-Principal Investigator. Health Research 
Council and the Department of Air Resources, New York City. December 1, 1968 - 
November 30,1970. $ 110,455.

Inorganic Particles-Biological Systems Interactions. Principal Investigator. Career 
Development Award, National Institute of Environmental Health Sciences. June 1.1969 
-May 31,1974. $125,000.

Asbestos Exposure and Cancer in the General Population. Co-Principal 
Investigator. National Institutes of Health, American Cancer Society. December 1,1969- 
November 30,1971. $ 105,539.

Inorganic Particles in Cigarettes and Cigarette Smoke. Principal Investigator. 
National Institutes of Health. July 1,1971 - June 30, .1973. $ 65,730.

Environmental Cancer in US Industries. Co-Principal Investigator. American Cancer 
Society. September 1,1971 - August 31,1974. $ 289,321.

Asbestos Exposure and Cancer in the General Population. Co-Principal 
Investigator. National Institutes of Health, American Cancer Society. December 1, 

1971 - November 30,1973. $ 254,569.

Asbestos Air Pollution. Extent, Persistence, Effects. Co-Principal Investigator. 
National Institutes of Health. January 1,1972-December 31,1974. $348,858.

Asbestos in Therapeutic Drugs for Human Use. Co-Principal Investigator. National 
Institutes of Health. April 1,1972 - March 31,1973. $ 49,230.

Effects of Asbestos in Water (Lake Superior). Co-Principal Investigator. US 
Environmental Protection Agency. June 1,1973 - October 30,1973. $ 47,970.

Environmental Agents. Relation to Human Health Effects. Co-Principal Investigator 
National Institutes of Health (NIEHS). June 1,1973-August 31,1978. $ 2,823,220.

Asbestos in Brake Drum Dusts. Principal Investigator. Ford Motor Company. July 1,
1973 - June 30,1975. $ 10,000.

Populations at High Risk for Lung Cancer. Establishment of Cohorts and 
Development of Serial Surveillance. Co-Principal Investigator. National Institutes of 
Health, American Cancer Society. August 1,1973 - July 31,1975. $ 78,572.
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Asbestos Exposure of Workers and Public From Brake Linings. Co-Principal 
Investigator. Health Research Council, New York City. July 1,1975-June 30,1976. 
$12,980.

Asbestos Exposure with Brake Lining Service and Repair. Co-Principal 
Investigator. Health Research Council, New York City. July 1,1976 — June 30,1977. 
$51,142.

Residency Training in Occupational Medicine. Co-Principal Investigator. National 
Institute for Occupational safety and Health. July 1,1976-June 30,1978. $ 105,491.

Asbestos in Brake Workers Lungs. Principal Investigator. National Institute for 
Occupational Safety and Health. September 1,1977 - August 31,1979. $ 95,223.

Environmental Health Sciences Center Grant. Co-Principal Investigator. National 
Institutes of Health (NIEHS). Septemberl, 1978-August 31,1983. $4,841,529.

Environmental Ousts and Macrophage Activation. Co-Principal Investigator. National 
Cancer Institute. March 1,1979 - February 28,1982. $. 148,461.

Surface Properties of Chrysotile Asbestos and its Role in Biological Potential.
Principal Investigator. July 1,1979-June 30,1981. $ 20,000.

Environmental Cancer Research Project. Co-Principal Investigator. American Cancer 
Society. September 1,1980 - August 31,1981. $ 284,540.

Saint Regis Health Study. Co-Principal Investigator. Canadian Ministry of Health. 
July 1,1981-June 30,1982. $ 1,016,581.

Activity of Amosite Asbestos and Grunerite Fragments. Co-Principal Investigator. 
National Institute of Occupational Safety and Health. September 1,1982 - August 31, 
1984. $143,396.

Environmental Health Sciences Center Grant - Supplement. Co-Principal 
Investigator. Group Leader. National Institutes of Health (NIEHS). July 1,1984- June 30, 
1986. $300,000.

Biological Activity of Modified Chrysotile Asbestos Fiber. Principal Investigator. 
Societe Nationale de L’Amiante, Canada. September 1,1984 - December 31,1986. 
$ 300,000.

Biological Activity of Asbestos Substitutes. Principal Investigator. Societe Nationale 
de L'Amiante, Canada. January 1,1987- March 31,1987. $ 15,000.

Analysis of Play Sand for its Asbestos Content Principal Investigator. US Consumer
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Products Safety Commission. November 1,1987 - February 1,1988. $ 4,000.

Analysis of Talcs for its Mineral Character. Principal Investigator. Vanderbilt Minerals 
Company. April 1,1988- December 1,1988. $ 32,000.

Surface Properties of Asbestos and Substitutes. Principal Investigator. Asbestos 
Institute of Canada. April 1,1987- March 31,1988. $ 10,000.

Evaluation of Microscopy Laboratories Engaged in Particle Analysis. Co-Principal 
Investigator. Battelle Laboratories. March 1,1988-June 30,1990.
$130,500.

Wollastonite in Animal Lungs. Principal Investigator. National Toxicology Laboratory, 
NIEHS. August 1,1988-June 1,1989. $ 38,000.

Modified Asbestos, Chrysophosphate, Surface Properties. Principal Investigator. 
Societe Nationals de L’Amiante, Canada. April 1,1988 - September 1,1990. 
$50,000.

Fibers in Vermiculite. Principal Investigator. State of Montana. $ 900.

Characterization of Asbestiform and Non-Asbestiform Amphiboles. Principal 
Investigator. Vanderbilt Minerals Company. June 1,1989- May 31,1994. $ 162,000.

Studies of Asbestos Contamination of Building Air. Principal Investigator. 
Continental Insurance Company. June 30,1988- June 30,1994. $ 50,000.

Asbestos-Emissions During Gasket Replacement. Co-Principal Investigator. Durabla 
Company. January 30,1991 - December 31,1992. $ 40,000.

Release of Rockwool Fibers From Gaskets. Principal Investigator. Lapinus Fibers, 
B.V. January 1,1993 - June 30,1994. $ 7,000.

Asbestos Release From Plumbing Packing. Co-Principal Investigator. Sexauer 
Plumbing Supplies. October 1,1992-June 30,1993. $ 10,000.

Asbestos in the Lungs of Exposed Workers. Principal Investigator. W.R.Grace 
Company. March 1,1993- February 28,1995. $ 90,000.

Applied Technology Equipment Assistance Grant. Co-Principal Investigator. New 
York State. September 30,1993-August 31,1995. $ 710,000.

Mineral Analysis of Quarry Samples. Co-Principal Investigator. Ready Group of 
Australia. December 10,1993-June 1,1994. $ 10,000.

Ecaterinburg Working Project. Chrysotile in Russia. Co-Principal Investigator. The
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Asbestos Institute, Canada, W.R.Grace Company. June 1,1994 - May 31,1995. 
$30,000.

Risk Identification and Management of Fibers in iron Ore. Co-Principal Investigator. 
Cleveland Cliffs, Incorporated. April 1,1994 - September 1,1996.
$40,000.

Health Risks to Workers Applying Blown Glass Insulation. Co-Principal Investigator. 
Glass Insulation association. July 1,1995- September 1,1996. $30,000.

Health Risks to Workers Applying Blown Cellulose Insulation. Co-Principal 
Investigator. January 15,1997 - September 1,1997. $ 10,000.

Workshop on Biological Risks Associated With Chrysotile Asbestos Exposure. 
Co-Organizer. Health Quebec. June 30,1997 - December 31,1997. $ 100,000.

International Workshop on SV-40 Virus and Asbestos. Co-Organizer. Coalition to 
Support Mesothelioma Research. August 1,1997- December 1,1997. $ 25,000.

Mechanisms and Treatment Strategies of Lung Injuries Following Exposure To 
Fine Particles of Desert Sand. Co-Principal Investigator. US Army Medical Research 
Acquisition Activity. In Review. $ 887,316.
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751 Taft St., Albany, California 94706 

Fax: (510)-524-7854 bermanw@comcast.net

June 30, 2006

Mr. William C. Ford
Senior Vice President
National Stone, Sand & Gravel Association
1605 King St.
Alexandria, Virginia 22314

RE: Final Report 

Dear Mr. Ford:

I am pleased to submit the enclosed report, “Evaluation of the Approach Recently 
Proposed for Assessing Asbestos-Related Risk in El Dorado County, California. This 
report was prepared in response to your request that I comment on some, of the issues 
currently being discussed concerning the evaluation of asbestos-related nsks in the 
County. Given the extensive work I have done over the last 20 years in developing 
mutually consistent methods for measuring asbestos and a companion protocol for 
assessing asbestos-related risk (primarily for the U.S. Environmental Protection Agency 
- EPA), I thought my perspective on these issues could prove helpful.

Having worked with EPA for most of my career, I understand that the Agency strives 
first and foremost to protect public health. I also understand the need to respect 
precedent, as the regulatory environment needs to remain stable so that the regulated 
community can anticipate requirements as they go about their activities. Thus, change 
must be slow and deliberate. Modifications to Agency policy must consequently occur 
only after substantial and formal review. Therefore, I have endeavored to frame my 
comments with these constraints in mind. In fact, I have explicitly addressed issues 
associated with both precedent and the overall protection of public health in the 

enclosed report.

Interestingly, the concerns over asbestos being aired in El Dorado County are not new. 
They were raised at least as far back as 1998, when I was personally invited by Mr. 
Peter M. Rooney, then the head of the California EPA, to serve as a member of the 
State Asbestos Task Force. At that time (and ever since) I have been recommending 
that a detailed (and proper) characterization of the nature and distribution of asbestos in 
County soil and rock be conducted in a manner suitable for supporting risk assessment. 
Unfortunately, however, this still remains to be completed. Hopefully, the recent 
attention that is focused on asbestos in the County will serve as the impetus to
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complete the required investigations and evaluations so that County residents will finally 
be provided with the information needed to make informed decisions about asbestos 
and their lives.

\

If you have any questions about the enclosed report, please do not hesitate to contact

Sincerely,

D. Wayne Berman, Ph.D. 
President
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1 EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA) recently conducted a multi-media 
assessment of exposure to naturally occurring asbestos (NOA) in El Dorado County 
(Ladd 2005). In this study, exposure to asbestos was evaluated by monitonng airborne 
concentrations obtained both under ambient conditions and while various recreational 
activities were simulated at locations selected because the soil was believed to contain 
NOA. An approach was also proposed in this study for assessing the risks associated 

with the observed exposures.

The merits of the approach proposed by the U.S. Environmental Protection Agency 
(EPA) for assessing asbestos-related risk in El Dorado County were evaluated. The 
approach involves assessing asbestos exposures by determining the concentration of 
airborne structures satisfying a particular set of dimensions defined in what is termed 
the phase contrast microscopy equivalent (PCMe) metric and combining these with the 
current EPA-recommended risk factor (IRIS Current) to assess risk.

i
The evaluation was conducted by considering:

• the current status of science and the limitations of the PCMe metric,

• the historical consistency with which the PCMe metric has been applied,

• the general limitations of the Ladd (2005) study;

• implications from the literature concerning structure sizes and types;

• precedents set by approaches used for assessing risk at other government-lead 

sites;

• the relative degree of peer and regulatory review for the various steps of the 
proposed approach and an alternate approach also considered (the approach for 
assessing asbestos-related risks proposed by Berman and Crump); and

• the degree of overall health protectiveness afforded by the approach proposed for El 
Dorado County relative to that afforded by the approach proposed by Berman and 

Crump.

Conclusions

The conclusions from this evaluation are that:

• it appears that the proposed approach satisfies neither of two criteria that are critical 
for assuring that risk assessments are reliable. First, due to substantial differences 
in character, exposure concentrations determined in terms of the PCMe metric in El
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Dorado County (Ladd 2005) are not directly comparable to the PCM-based 
exposures evaluated in the epidemiology studies used to derive the risk factor in 
IRIS (Current). Second, the PCMe exposure metric itself has been shown not to 
remain reasonably proportional to risk across exposure environments. Given these 
findings, applying the IRIS risk factor to exposures measured in El Dorado County 
will not provide reliable estimates of risk;

• tljie Ladd (2005) study appears to suffer from quality control (QG) problems that will 
need to be resolved before any attempt is made to interpret the data. Even after the 
QC issues are resolved, however, it may prove difficult to extrapolate findings that 
may be gleaned from the study more broadly than to the specific locations at which 
airborne measurements were collected. This is because no relationship between 
bulk concentrations and airborne exposure measurements was established in the 
Ladd study;

• until the quality control issues are resolved and an appropriate statistical analysis of 
the data is conducted, a proper assessment of risk cannot be completed from the 
Ladd (2005) data. Thus, it is not possible to tell at this time whether risks estimated 
using either protocol structures (another exposure metric considered in this report) 
or PCMe structures will prove to be acceptable for the areas represented by the 
Ladd study environment. However, assuming that the ratios of concentrations are 
approximately correct, it appears that the IRIS approach for assessing risk yields a 
higher risk estimate than the Berman and Crump approach (another approach 
considered in this report) for the specific locations that were studied;

• as the above observation (should it hold up) is highly unusual, compared to findings 
based on broad experience at other sites, it reinforces the finding that conditions at 
these specific locations in El Dorado County are very different from conditions found 
at most sites where asbestos is a hazard (potentially including other parts of El 
Dorado County);

• ifi applied uniformly at sites across the nation (and other parts of El Dorado County), 
the approach proposed for assessing risk by EPA will be less health protective than 
if such risks are assessed using the approach proposed by Berman and Crump.
This is based on a growing body of experience at multiple, varied sites;

• whatever the relative risks that might be estimated for El Dorado County based, 
respectively, on the approach proposed by EPA and the approach recommended by 
Berman and Crump (2001), it appears that the proposed EPA approach is no better 
supported by precedent; and •

• given that (based on discussions with multiple geologists) about 30% of the soil and 
near-surface rock in the nation may contain amphibole, if the agency intends to 
apply their asbestos regulations consistently to all areas where amphibole may be 
present, then it is in everyone's interest to employ an approach that will adequately
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distinguish situations that are potentially risky from those that are not. Otherwise, 
there is a potential either to miss those sites in which true risks exist or, conversely, 
to unnecessarily wreak economic havoc. Neither result is in the public interest,
although the first kind of error is clearly the more important to avoid.

2 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) recently conducted a multi-media 
assessment of exposure to naturally occurring asbestos (NOA) in El Dorado County 
(Ladd 2005). In this study, exposure to asbestos was evaluated by monitoring airborne 
concentrations obtained both under ambient conditions and while various recreational 
activities were simulated at locations selected because the soil was believed to contain 
NOA. An approach was also proposed in this study for assessing the risks associated 

with the observed exposures.

The approach that the EPA proposed to assess risk in El Dorado County, if it is to be 
applied uniformly, may not be generally protective of public health. Given the status of 
the science, it also appears that the approach may not be as well established by 
precedent as the approaches that the Agency commonly employs for other hazardous

materials.

When evaluating the risks associated with exposure to asbestos, it is important to 
recognize that the situation with asbestos is particularly complex. Following a brief 
background discussion highlighting the complexity of the issues involving asbestos 
sampling, analysis, exposure assessment, and risk assessment as well as conditions in 
El Dorado County, the remaining sections of this report address: •

• scientific considerations concerning the validity and reliability of the proposed 

approach;

• an overview of relevant precedent;

• implications for health protectiveness;

• conclusions; and

• references.

Note, a sub-section on quality control was also added to highlight what appear to be 
serious quality control (QC) issues with the data set generated during the recent El 
Dorado County study (Ladd 2005). When the quality of data can be questioned, it is in 
everyone's interest to address the problem. Thus, conducting whatever corrective 
actions might be necessary to examine and address the problems appear to be 

appropriate.
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Importantly, based on the available information, it is possible that the QC problems with 
the Ladd (2005) study are primarily related to documentation errors. Thus, these 
problems may be easily correctable. Nevertheless, it is not possible to determine this at 
this time. Therefore, before anyone should consider the data from this study to be 
reliable,Nthe QC issues need to be formally addressed. To assist in initiating this effort, 
a discussion is provided below that is intended to better define the quality control issues 
thatlappear to be associated with these data.

3 BACKGROUND

A brief overview of asbestos terminology, the characteristics of asbestos dusts, 
asbestos measurement methods and their corresponding exposure metrics, and the 
nature of conditions in El Dorado County is provided in this section.

3.1 Terminology

Asbestos is a term traditionally used to describe a particular fibrous form (asbestiform 
crystalline habit) of a set of minerals from the serpentine and amphibole mineral 
groups. The most widely accepted (traditional) definition of asbestos includes the 
asbestiform habits of six of these minerals (IARC 1977). The most common type of 
asbestos is chrysotile, which belongs to the serpentine mineral group. Chrysotile is a 
magnesium silicate. The other five asbestos minerals are all amphiboles (i.e., all 
partially hydrolyzed, mixed-metal silicates). These are: asbestiform riebeckite 
(crocidolite), asbestiform grunerite (amosite), anthophyllite asbestos, tremolite 
asbestos, and actinolite asbestos.

All six of the minerals whose asbestiform varieties are termed asbestos occur most 
commonly in nonfibrous, massive crystalline habits. While unique names have been 
assigned to the asbestiform varieties of three of the six minerals (chrysotile and the two 
amphiboles noted parenthetically above) to distinguish them from their massive forms, 
such nomenclature has not been developed for anthophyllite, tremolite, or actinolite. 
Therefore, when discussing these latter three minerals, it is important to specify 
whether a massive habit of the mineral or the asbestiform habit is intended.

Among the difficulties associated with any discussion of asbestos risk is that the 
terminology developed for asbestos was designed to address the macroscopic 
properties of commercially useful materials. However, it is the properties of the 
microscopic structures that are released from bulk asbestos (when it js disturbed) and 
their subsequent inhalation that ultimately determine the potential for disease. Thus, 
the available terminology is limited and can lead to ambiguities if not carefully applied.

Among other things, for example, it has been proposed that the term asbestos be ' 
expanded to include the asbestiform habits of a broader range of amphibole minerals 
(see, for example IRIS Current) and the documents from the Libby', Montana Site (e.g. 
EPX 2003). This was also recommended by Berman and Crump (2001, 2003). The
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reason for this change has been driven by increasing evidence that the asbestiform 
habits of all amphiboles contribute to the induction of asbestos-related diseases. It 
should also be noted, however, that the scientific justification for specifically applying 
the current procedures for assessing asbestos-related risk (e.g. IRIS Current) to these 
additional minerals has not been formally evaluated or reviewed heretofore.

Another important, but less obvious issue related to the definition of asbestos is the 
question of the size range of structures that determine biological activity, which is 
clearly what needs to be regulated. This affects both the measurement of asbestos 
and the assessment of risk, in addition to the application of regulations. This issue is 

addressed further in Section 2.3.

To facilitate clarity, definitions for several critical terms used in the remainder of this 

report are provided below.

Asbestiform means the particular crystalline habit of a mineral that exhibits the 
common characteristics of asbestos (e.g. highly fibrous, polyfilamentous - existing in 
bundles, flexible, high tensile strength, and good chemical and thermal resistance). 
Geologically, the dimensions of fibers formed in this habit are defined by the growth of 
the crystals (in contrast to cleavage fragments).

Asbestos Minerals means the suite of serpentinite and amphibole minerals currently 
included in the definition of asbestos when they occur in any of their crystalline habits.

Cleavage Fragment means a structure that is formed by physical separation from a 
larger crystal. Thus, the dimensions of such a structure are defined by the orientation 
of the weakest cleavage planes in the parent crystal, which is in contrast to the manner 
in which dimensions are determined for asbestiform structures.

Exposure Metric means the set of sizes, shapes, and morphological types of 
structures (e.g. fibers, bundles, clusters, or matrices) that are included in the 
determination of concentration. Sometimes, a particular exposure metric also includes 
mineralogical constraints (i.e. only structures identified as specific mineralogical types 
are included). Therefore, exposure metrics for a particular analysis are defined as a 
function of both the rules of the specific analytical method applied to determine 
concentration and the limitations of the particular instrumentation employed during the 

analysis.

Fiber is a relative term that has come to mean any elongated particle that satisfies 
specific dimensional constraints. The term is relative because the dimensional 
constraints placed on the definition of the term fiber are specific to the analytical 
method/exposure metric by which fiber concentrations are determined for a particular 

application.
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Fibril means a single fiber of asbestos (i.e. from an asbestiform population). Single 
asbestiform fibers cannot be further reduced in width without altering their properties.

Fibrous is a relative term that is used to denote a material composed primarily of 
fibers. The term is relative because the term for fiber is relative (see above). Note, for 
example, a dust composed primarily of elongated particles that nevertheless satisfy the 
dimensional definitions for fibers from a particular application could therefore be defined 
as fibrous.

Fibrous structure is a collective term used to mean any fiber, bundle, cluster, or 
matrix. These latter terms for specific types of structures are discussed further in 
Section 3.2 and concisely defined in ISO (1995).

3.2 The Characteristics of Asbestos Dusts

Structures comprising the dusts from asbestiform minerals come in a variety of shapes 
and sizes. Not only do single, isolated fibrils vary in length and somewhat in thickness, 
but such fibrils may be found combined with other fibrils to form bundles (aggregates of 
closely packed fibrils arranged in parallel), which represent the actual structure of all 
large “fibers" in an asbestiform population. In turn, fibers may form clusters 
(aggregates of randomly oriented fibers) or (may be combined with equant particles to 
form; matrices (asbestos fibers embedded in non-asbestos materials). Consequently, 
asbestiform dusts (even of one mineral variety) are complex mixtures of structures. For 
precise definitions of the types of fibrous structures typically found in asbestos dusts, 
see ISO (1995).

In addition to the above, which describes the asbestiform component of a dust, dusts 
created from asbestos will also contain particles from any material with which the 
asbestos may be associated. Thus, for example, dusts at mining and milling sites may 
include particles (including elongated particles that may pass as fibers) that are rock 
fragments (cleavage fragments) from host minerals. If the mineral being mined is the 
asbestos itself, likely the host mineral would simply be the massive crystalline habit of 
the same mineral type as the embedded asbestos.

In environments in which an asbestos dust is derived from an asbestos product (either 
during manufacture, as a consequence of use, or associated with disposal), the dust 
may salso contain particles (including elongated particles that may pass as fibers) 
composed of any of the various other component materials of the asbestos product.

l

t

Detailed descriptions of the characteristics of dusts typically encountered at 
environmental and occupational asbestos sites have been reported in the literature and 
the fplloiwing summary is based on a previously published review (Berman and 
Chatfield 1990). Typically, the major components of the dust observed in most 
environments are non-fibrous, isometric particles. A notable exception to this general 
observation are the dusts from asbestos textile manufacturing, which is highly fibrous.
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The likely reason these dusts are fibrous is that the only major source of dust in such 
an environment is refined, nearly pure, asbestiform fiber (Walton 1982). However, for 
asbestos dusts in general, fibrous structures consistently represent only a minor fraction 
of the total dust. In addition, fibrous structures composed of asbestos minerals typically 
represent only a subset of the total number of fibrous structures that may be observed 

in such environments.

The magnitude of the fraction of total dust represented by fibers and the fraction of 
fibers composed of asbestos minerals vary from site to site. However, the fraction of 
asbestos in total dusts has been quantified only in a very limited number of 
occupational and environmental settings (see, for example, Cherrie et al. 1987 or Lynch

etal. 1970).

Importantly, as the definition of the term fiber is relative (Section 3.1), the fractional 
concentration of fibers observed in a particular environment will vary as a function of the 
analytical methodology employed to determine their concentration. Historically, fibrous 
structures have been arbitrarily defined as structures exhibiting aspect ratios (the ratio 

, of length to,width) greater than 3:1 to distinguish them from isometric particles (Walton 
1982) However, alternate definitions for fibers have also been proposed, which are 
believed to better relate to biological activity (see, for example, Berman et al. 1995 or 

Wylie etal. 1993).

The gross features of structure size distributions appear to be similar among asbestos 
dusts characterized to date (Berman and Chatfield 1990). The major asbestos fraction 
of all such dusts are small fibrous structures less than 5 pm (micrometers) in length. 
Length distributions generally exhibit a mode (maximum) between 0.8 and 1.5 pm with 
longer fibers occurring with decreasing frequency. Fibrous structures longer than 5 pm 

■ constitute no more than approximately 25% of total asbestos structures in any particular 
dust and generally constitute less than 10%.

In some environments, the diameters of asbestiform structures (e.g. fibers and bundles) 
exhibit a narrow distribution that is largely independent of length. In other environments, 
diameters appear to exhibit a narrow distribution about a mean for each specific length. 
In the latter case, both the mean and the spread of the diameter distribution increases 
somewhat as the length of the structures increase. Among asbestiform materials, this 
increase appears to be due to contributions from bundles. Thus, for example, the 
increase in diameter with length appears to be more pronounced for chrysotile than for 
the amphiboles, presumably due to an increase in the fraction of chrysotile bundles 
contributing to the overall distribution as length increases. This is likely true since a 
single chrysotile fibril exhibits the thinnest diameter of all asbestiform structures.

Only a few studies have been published that indicate the number,of complex structures 
in asbestos size distributions. The limited data available indicate that complex 
structures may constitute a substantial fraction (up to one third) of total structures, at 
least for chrysotile dusts (see, for example, Sebastien et al. 1984). Similar results were
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also, obtained during a re-analysis of dusts generated from the asbestos samples 
evaluated in the animal inhalation studies conducted by Davis et al. (Berman et al., in 
preparation). This is the same re-analysis used to support a study to identify asbestos 
characteristics that promote biological activity (Berman et al. 1995), which is discussed 
further in Berman and Crump (2003).

The degree to which fibers are combined within complex structures in a particular dust 
may also affect the biological activity of the dust (Berman et al. 1995). Therefore, 
proper characterization of asbestos exposure requires that the relative contributions 
from each of many components of exposure be simultaneously considered. Factors that 
need to be addressed include the distribution of structure sizes, shapes, and 
mineralogy in addition to the absolute concentration of structures. Such considerations 
are addressed further in Berman and Crump (2003). Thus, unlike the majority of other 
chemicals frequently monitored at hazardous wastes sites, asbestos, exposures cannot 
be adequately characterized by a single concentration variable.

3.3 Asbestos Measurement Methods and Their Corresponding Exposure 
Metrics

Exposure to asbestos primarily involves inhalation of asbestos dust and evidence 
indicates it is primarily the size and shape of the fibrous structures in the dust that 
determine potency (in addition to their absolute concentrations). As a result, estimates 
of asbestos exposure concentrations vary radically as a function of both the particular 
type of instrumentation employed for analysis and the specific method applied during 
the analysis (see, for example, Berman and Crump 2003). Consequently, the ability to 
establish the relationship between asbestos exposure and disease has been 
confounded by use of multiple exposure metrics and by the fact that the relationships 
between exposure metrics do not remain proportional to each other from one 
environment to the next.

A variety of exposure metrics have been (and are being) used for the determination of 
asbestos concentrations. Those most important to the discussion in this report include 
‘‘PCM”, “PCMe”, and “protocol structures” and each of these are briefly described 
below. Other potentially relevant exposure metrics are also introduced and briefly 
described in a table at the end of this section.

PCM is the size range of particles traditionally included for the determination of 
asbestos concentrations when analyzed by phase contrast microscopy (an optical 
microscopy technique). These are defined as “fibers" longer than 5 pm with an aspect 
(length-to-width) ratio equal to or greater than 3 and exhibiting largely parallel sides. At 
the magnification at which this type of asbestos-analysis is typically conducted (~400x), 
PCM fibers are also typically limited to those thicker than approximately 0.25 pm 
because thinner fibers cannot be seen by the microscopist. Actually, this lower limit on 
width also varies somewhat as a function of the condition and quality of the microscope,
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the visual acuity and training of the analyst, and the type of mineral.1 Further, because 
there is no mechanism for distinguishing among mineral types when conducting 
analysis by PCM, all particles that are observed to satisfy the defined dimensional 
criteria are counted. Depending on environment, these may include, for example, 
cellulose and other organic fibers as well as a much broader range of inorganic fibers 
than have traditionally been included in the definition of asbestos (see last section).

It also needs to be understood that, due to limitations in the resolution of the 
microscope, the internal details of the structures that are observed by PCM cannot be 
distinguished. Thus, what may appear to be a simple and solid fiber by PCM may in 
fact be a complex structure composed of finer components. A fiber visible by PCM may 
alternately be a component of a larger structure whose other components are too fine 
to resolve. In fact, it is sometimes due to these differences (as opposed simply to 
mineralogy) that PCM and PCMe (defined below) concentrations determined for the 
same sample do not coincide. This complicates the relationship between PCM and 

PCMe in different environments.

An account of the history of the development of the PCM exposure metric was 
published by Walton (1982), which traces the origin to its definition back to meetings of 
a group of asbestos industry personnel in Britain (The Asbestos Research Council) in 
1958. Methods suitable for determining concentrations in terms of this metric have 
been adopted in several countries, including the United States, and the World Health 
Organization. One version of the method in broad use in the United States is NIOSH 

Method 7400 (NIOSH 1985,1994).

PCMe or “phase contrast microscopy equivalent represents a range of particles 
nominally exhibiting the same range of sizes and shapes as PCM fibers, except that 
they are adjusted to exclude contributions from any countable particles not composed 
of the defined set of minerals included in the definition of asbestos2. As indicated 
above, however, mineralogy may not be the only reason for differences in 
concentrations estimated, respectively, by PCM and PCMe.

Originally, determining a PCMe concentration formally involved use of two, 
complimentary analytical techniques: phase contrast microscopy (PCM) and 
transmission electron microscopy (TEM) with the manner in which PCMe

The ability to observe a structure using a phase contrast microscope is also a function of 
the contrast between the structure and the base on which it resides. If the contrast is 
limited, the structure will be invisible. Contrast in turn is a function of the relative 
refractive index of the structure and the base, which is therefore a function of the 
mineralogy (chemical composition) of the structure (Kenny et al. 1987).

As evidence of their ability to cause asbestos-related diseases has increased, the range 
of minerals proposed for inclusion in the definition of asbestos has been broadened in 
recent years from what was originally defined in IARC (1977) and even what is defined in 
the current version of NIOSH Method 7402 (1994) to include virtually all amphiboles.
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concentrations are determined described in NIOSH Method 7402 (NIOSH 1986,1994). 
By this method, asbestos concentrations are determined by analyzing sample filters 
using both analytical techniques and the concentration estimated by PCM is then 
modified by a factor derived by TEM to determine a final (adjusted) asbestos 
concentration expressed in terms of PCMe.-

Over the years, some have adapted Method 7402 by using only the TEM component to 
determine an absolute concentration for PCMe (rather than using it to determine an 
adjustment factor for the PCM component). Other modifications to the PCMe metric 
(such as changes to size restrictions) have also been developed over time. In 1995, for 
example, ISO Method 10312 (ISO 1995) incorporated a definition for PCMe that 
includes an upper limit of 3.0 pm on the width of a countable particle3 and also reduces. 
the minimum width to 0.20 pm (from 0.25 pm)4. Other modifications to the definition of 
PCMe have also been proposed in other documents.

Table 1 presents a summary of definitions for PCMe that are provided in several 
Federal and California sources. In descending rows, the table provides:
• the (current) year of revision for each reference cited;
• the original year that the reference was published;
• the minimum length of structures included in the definition;
,• the minimum width;
• the maximum width;
• the aspect (length-to-width) ratio; and
• relevant comments.

As can be seen in Table 1, the size definitions for PCMe vary across the different 
documents cited. Of these, for example, ISO 10312 incorporates a maximum width.
As indicated by the comments, it is also noteworthy that an entirely different procedure 
is employed for deriving PCMe estimates when evaluating hazards under either 
California Proposition 65 (COEHHA 2006) or the California Air Resources Board's 
background document (CARB 1986) for their Asbestos Air Toxics Control Measure 
(ATCM). By CARB’s rules, PCMe is determined by counting total TEM structures (of 
"all sizes") and dividing the count by between 100 and 1,000 (depending on whether an 
estimate in the low or high end of their risk range is desired). In fact, another California 
document that is labeled as "not to be cited or quoted” suggests an intermediate value 
of 320. Similarly, ATSDR (2001) defines PCMe concentrations as approximately 
equivalent to the concentration of total TEM structures (of all sizes longer than 0.5 pm) 
divided by 60.

i

This is also consistent with the definition originally proposed for PCM (see Walton 1982).

While this latter change may appear minor, as shown later, even minor changes in the 
minimum width for PCMe actually represent critical changes because asbestos structures 
tend to be particularly numerous in this range of widths and they also tend to be 
particularly potent (see, for example, Berman and Crump 2003).
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It is also interesting that the minimum width defined for PCMe structures in EPA s IRIS 
is twice the minimum width defined by ISO and IRIS further indicates that the 
correlation between PCM and TEM fiber counts is “highly uncertain.” Note that EPA 
has applied the ISO rules to determine PCMe concentrations in El Dorado County 
(Ladd 2005), which suggests inconsistency with IRIS (among other things).

Overall, the information presented in Table 1 suggests a procedure that has been 
subject to some modification over the years (which may appear minor but can be 
important)5. Given these distinctions, it appears that PCMe concentration estimates for 
asbestos may not have been derived entirely consistently over time by various parties 

generating such estimates.

In fact, the variability in PCMe definitions and determinations described in Table 1, does 
not represent the full range of variability in the manner that PCMe has been defined and 
applied over the last 20 years. In some studies, for example, PCMe has also been 
informally defined simply as “all TEM fibers longer than 5 pm”, with no minimum width 
defined. Moreover, the concentration of TEM fibers used to estimate PCMe has 
sometimes been obtained using methods requiring magnifications of 10,000 and 
greater, which could result either in the counting of substantially greater numbers of 
structures or somewhat smaller numbers of structures than what can be seen aUhe 
PCM magnification of approximately 400. This depends on whether more “solid"

> . structures become visible at the greater magnification or more structures that appear
solid at the lower magnification appear to be non-countable complexes of smaller 
structures at the higher magnification. Thus, it does not appear that determination of 
PCM/PCMe ratios for use in risk assessment over the last 20 years has been entirely 
uniform. Nor is it Clear whether any of these approaches have been subjected to formal 
peer-review at EPA. Thus, it does not appear that an established precedent currently 

exists.

Protocol Structures represent a size range of asbestos structures that is expected to 
better correspond to those that contribute to the induction of cancer than PCM 
structures.8 Implications regarding the relationship between various exposure metrics 
and disease induction are addressed further below. A detailed presentation of the

For example, Hwang and Gibbs (1981) suggest that the median fiber diameter for 
amosite asbestos observed in mining environments lies at approximately 0.35 pm (for 
fibers longer than 2.5 pm and remains approximately constant for longer fibers). This 
suggests that the fraction of such fibers that would be alternately included or excluded in 
an analysis may vary radically as the minimum width to be Included changes between 0.2 
and 0.4 pm. Thus, the ratio between PCM and PCMe may also vary radically, depending 
on which cutoff is selected for PCMe.

Importantly, the defining dimensions of protocol structures were also somewhat 
constrained by limitations in the published size distributions available for applying this 
exposure metric in the meta analysis used to evaluate its utility (Berman and Crump 
2001).
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rationale for the definition of protocol structures is also available (see Berman and 
Crump (2001).

Protocol structures are defined as a weighted average of two size ranges of structures, 
whose concentrations are separately determined and then combined using the following 
equation:

S

Cprotocolstructunss = 0.003*C8i2ex + 0.997*CSIZBB (Equation 1)

where:
Cprotocoi structures's the concentration of protocol structures;

i

Csize a is the concentration of structures between 5 and 10 pm in length with 
widths less than 0.5 pm; and

r is the concentration of structures longer than 10 pm with widths less than
WSi2B B

0.5 pm.

The ^concentration of protocol structures is typically determined by analyzing a sample 
by TEM using ISO Method 10312 (IS0 1995) and incorporating a modification to 
include only structures of the above-indicated sizes in the structure count. Importantly, 
the rigorous procedures defined in the ISO Method for considering contributions from 
both simple structures (i.e. fibers and bundles) and complex structures (i.e. clusters and 
matrices) and their components are incorporated into the determination of the 
concentration of protocol structures.

Note that including instructions for detailed characterization of complex structures 
contrasts with the determination of PCMe, which involves only consideration of fibers 
and bundles. Such lack of detailed instructions for handling the analysis of complex 
structures represents a further means by which inconsistency may have been 
introduced into determinations of PCMe.

Other exposure metrics are also considered in this report in a variety of contexts. A 
summary of the characteristics of all of these exposure metrics is presented in Table 2.

In Table 2, successive rows provide the following information for each exposure metric:
• the structure dimensions defining each exposure metric;
• the associated instrumentation and method required for sampling and analysis;
• the origin of the metric;
• the theoretical basis linking the metric to risk;
• other evidence supporting/refuting the relationship between the metric and risk;
• the original (design) intent of the metric;
• pre-requisites for applying the metric to assess risk; and
• the strength of evidence supporting application of the metric to environments in 

which asbestos may be naturally occurring.
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Note that the last row is provided to indicate the degree to which the metric might be 
considered to be applicable to assess risks in places such as El Dorado County.

3.4 Issues Associated with Estimating Risk Attributable to Asbestos Exposure

As with any hazardous material, asbestos-related risks are typically estimated by 
multiplying exposure concentrations determined in a site study (such as the study 
conducted in El Dorado County) with an exposure/response (risk) factor that is derived 
from one or more control studies (such as an epidemiology study)7. However, 
asbestos is unlike other hazardous materials because the exposure metrics employed 
for determining and reporting its concentration are necessarily complex.

For most hazardous materials, concentrations are expressed by a single exposure 
metric (e.g. mass per unit volume) incorporating a single parameter: mass. In contrast, 
there are multiple exposure metrics for asbestos and they each necessarily incorporate 
multiple parameters, (i.e. dimensional limitations on a range of structures). Moreover, 
risk can only be reasonably estimated for asbestos when the particular exposure metric 
used to estimate concentrations is properly matched to the exposure metric in which the 
corresponding risk factor is expressed. This is because concentrations estimated in 
each of the multiple exposure metrics that have been used for asbestos may vary by 
orders of magnitude for the same sample (see, for example, Berman and Crump 2003).

Choice of the particular exposure metric is also critical to the proper estimation of risk. 
This is because asbestos exposure metrics do not remain proportional to one another 
from one environment to the next. Of course, this is simply another way of saying that 
the size distribution of airborne structures in an asbestos dust do not remain 
proportional from one environment to the next (Section 3.2).

Importantly, to successfully extrapolate risk from control studies (in which potency is 
determined) to a site study (in which risk must be ascertained), the metric chosen to 
characterize exposure must satisfy both of two criteria:

(1) asbestos must be measured in a comparable manner in the two
environments; and

(2) ’ such measurements must remain reasonably proportional to the
characteristics of exposure that contribute to risk.

Actually, the manner in which risk is evaluated for asbestos is somewhat more 
complicated than for other materials in that the relationship between exposure and risk 
involves a complex function of time as well as exposure level so that, strictly, risk factors 
and exposure concentrations may not be simply multiplied together (see, for example, 
Berman and Crump 2003). However, the details of such complexities are not directly 
relevant to the issues at hand. Thus, they will not be addressed further in this discussion.
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These requirements derive from common sense (as illustrated below) and are 
universal. Moreover, the importance of satisfying these criteria was clearly 
demonstrated in a mathematical model developed by Chesson et al. (1990). If they are 
not satisfied, risks estimated in the traditional manner (described above) are not valid.

Satisfying the above criteria is trivial for most chemical toxins because their effects 
remain proportional to mass in all environments. Thus, this single exposure metric 
supports valid risk assessment for these toxins. Not so for asbestos. This is a direct 
consequence of the nature of asbestos exposure metrics (Section 3.3) and the 
characteristics of asbestos dusts (Section 3.2).

To illustrate how the first of the above two criteria needs to be addressed for asbestos, 
consider that one would clearly not apply a risk factor for nickel (derived from dose- 
response studies in which exposure concentrations are determined explicitly for nickel) 
to assess the risks from exposure concentrations measured for chromium. That is 
because the two exposure metrics are not comparable. Similarly, risk factors derived 
for one particular exposure metric (incorporating a specific size range of asbestos 
structures) should not be applied to exposure concentrations determined using a 
different exposure metric (incorporating a different size range of structures).

To illustrate how the second of the above two criteria needs to be addressed for 
asbestos, consider that measuring the concentrations of nickel in various study 
environments (each containing dusts of mixed metals) tells one nothing of the relative 
concentrations of chromium in those environments; there is clearly no reason to expect 
that the concentrations of nickel and chromium will remain proportional from one 
environment to the next. Thus, it would be absurd to attempt to assess chromium- 
related risks based on measurements of nickel. This is true even though the 
relationship between the risk factors for nickel and chromium is known. It is not the 
relative potency, but the unknown relationship between exposure concentrations that 
prevents extrapolation in this case.

Similarly, because different exposure metrics for asbestos do not remain proportional 
from one environment to the next, unless risk is assessed using an exposure metric that 
specifically remains proportional to biological activity, one cannot reliably assess risk. 
This! is because, if a particular exposure metric does not remain proportional to 
biological activity, the relationship between this metric and the truly biologically active 
fraction of an asbestos dust will vary in an undefined manner between control and study 
environments. Thus, a risk factor defined for such a metric in a control environment will 
not relate in the same manner to an exposure concentration determined for that same 
metric in a study environment. Therefore, it would not be valid to apply such a risk 
factor to the exposure determined in that study environment.

Given the above, to assess asbestos-related risk, it is therefore critical that exposures 
determined in terms of a particular exposure metric be combined only with a risk factor
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that is properly matched to that particular exposure metric and the two must be
appropriate for the environments in which they are applied.

3.5 The Nature of Conditions in El Dorado County

Conditions in El Dorado County have raised concern for years. It is an established fact 
that asbestiform amphibole is present in the soil and rocks of El Dorado County. The 
real question is whether it is ubiquitous or “patchy." Thus, there are areas of El Dorado 
County where various kinds of activity restrictions are prudent, but there are likely other 

f areas where they may not be required. Thus, a reliable procedure is needed to 
distinguish among such areas. It is also important to consider the need to be able to 
distinguish “clean” fill (which might be brought in from elsewhere) from either asbestos- 
containing fill or local, asbestos-containing soil. In fact, these needs are common to 
every area of the nation in which the presence of asbestos is a concern.

4 EVALUATING THE PROPOSED EPA APPROACH IN EL DORADO COUNTY

It appears that the EPA is planning to assess risk in El Dorado County primarily by 
applying the current EPA slope factor for asbestos (IRIS current) to estimates of PCMe 
exposure derived from the Ladd (2005) study. Assuming that the QC issues that are 
discussed in 4.1.2 are first resolved, there still appear to be several potential problems 
with this approach so that the Agency needs to consider:.

• the state of the science informing the validity and reliability of the proposed 
approach, especially as applied in El Dorado County and including considerations 

concerning QC;

• the degree with which the proposed approach appears to be supported by 

precedent; and •

• the associated implications concerning the general health protectiveness of the 

proposed approach.

4.1 The State of the Science

Relevant issues that need to be considered to address the potential validity and r 
reliability of the proposed approach for El Dorado County are:

• the limitations of the PCMe metric;

e more general limitations of the Ladd (2005) study; and

• implications from the literature concerning cleavage fragments.
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4.1.1 The limitations of the PCMe metric

The limitations of the PCMe exposure metric are reasonably well documented and 
include:

• that the metric does not appear to satisfy the second of the two criteria identified in 
Section 3.4 that are required to support reliable risk assessment (i.e. it does not 
remain reasonably proportional to risk across environments of interest); and
/

• at least when applied at sites exhibiting the specific characteristics of the areas 
studied by Ladd (2005), the metric may not satisfy the first of the two criteria 
alrticulated in Section 3.4 (i.e. it is not comparable to the concentrations determined 
in the control studies evaluated to develop the IRIS risk factor).

Regarding the first of the above, evidence that PCMe does not remain adequately 
proportional to risk across environments comes from a diverse variety of sources. First 
(and perhaps simplest), one should consider that PCMe is intended to mimic the 
dimensional range of structures counted by PCM. However, the dimensional range 
counted by PCM was never designed or intended to reflect the characteristics of 
asbestos that contribute to disease. Rather it was simply designed as an arbitrary 
index of exposure.

A history of the development of the PCM exposure metric, at least up to the time of its 
publication by Walton (1982), clearly indicates that the dimensions chosen for defining 
PCM (by a British Council in 1958) were arbitrary and designed primarily to facilitate 
analysis. Moreover, while the minimum length may have been selected with some 
thought for the range of structures believed to contribute to disease (although the 
primary motivation was to promote analytical reproducibility), the minimum width was 
entirely arbitrary, as it was an artifact of the choice of magnification and the type of 
microscope.

Further evidence that PCMe may not adequately track the characteristics of asbestos 
that contribute to risk also comes from a study of animal inhalation experiments 
(Berman et al. 1995). In that study, the ability of various exposure metrics to predict 
risk (including PCM/PCMe) was formally tested. In that study, PCM/PCMe was shown 
to provide a statistically significant lack of fit.

i

Perhaps the most compelling evidence comes from the meta analysis reported in 
Berman and Crump (2003). In this study, the range of variation in risk factors reported 
across available epidemiology studies is compared with exposure expressed, 
respectively, in terms of PCM (which is considered to be equivalent to PCMe in this • 
case) and expressed in terms of long protocol structures (defined in Section 3.3 above). 
The results of this comparison are illustrated in Figure 1.
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In Figure 1, the ratios of the maximum to the minimum values of the risk factors derived 
from the set of available epidemiology studies (excluding a single, negative study) are 
presented. The ratios for lung cancer are presented on the left and mesothelioma on 
the right. The ratios labeled “PCM” are derived using the PCM exposure metric and 
preserves the current EPA policy of a common risk factor for chrysotile and the 
amphiboles. The ratios labeled “protocol” are derived using long protocol structures as 
the exposure metric and incorporate distinct risk factors for chrysotile and the 
amphiboles (which is recommended in the Berman and Crump protocol).

As can be seen in Figure 1, when exposure is expressed in terms of PCM/PCMe, risk 
factors derived from the available epidemiology studies range over almost two orders of 
magnitude (by a factor of 90) for lung cancer and over more than three orders of 
magnitude (by a factor of 1100) for mesothelioma. With such variability across the 
known studies, the confidence that can be placed in extrapolating risk estimates derived 
from these control studies to new environments is limited.

In contrast, when the risk factors from the same set of studies is adjusted to reflect 
exposure in terms of the long protocol structures metric, the range of lung cancer 
factors drops to about 60x (a modest improvement) and the range for mesothelioma 
factors drops to about 30x (a substantial improvement). Thus, the confidence that nsk 
factors derived in terms of long protocol structures can be extrapolated to new 
environments is substantially improved. Note, that a more formal statistical analysis 
(conducted without omitting the one negative study) is also presented in Berman and 
Crump (2003) and the resuits are similar.

To address whether the PCMe exposure metric satisfies the first of the two criteria 
needed to assure reliable risk assessment (Section 3.4), one needs to consider two 
issues. The first is the relationship between PCMe and the various metrics employed*) 
assess exposure in the original epidemiology studies and the second is the relationship 
between the characteristics of the dusts studied in those control environments and the 
character of the dusts observed in El Dorado County (or at least the specific sites in El 

Dorado County studied by Ladd).

Table 3 presents a comprehensive list of the quantitative epidemiological studies used 
to support development of the slope factor for asbestos that is currently recommended 
by EPA (IRIS Current). In Table 3, the eight columns respectively indicate:
• the type of asbestos: chrysotile, amosite, or mixed; .
• the type of operation studied;
• the specific cohort studied;
•. the potency factor for lung cancer;
• the potency factor for mesothelioma;
• the majority of the types of measurements relied on to estimate exposure;
• the study reference; and
• relevant comments.
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As can be seen in the sixth column of Table 3, concentration's were initially determined 
based on three different methods of measurement, which resulted in three different 
exposure metrics among these studies. These include:

• Ml or midget impinger, which is a device used to determine concentrations of total 
respirable particles in the air;

• PCM; or

• TP or thermal precipitator, which is another device used to determine concentrations 
of total respirable particles in the air. Note that Ml and TP measurements are not 
entirely comparable (Walton 1982).

The fourth designation in the sixth column of Table 3, “NS" means non-specific. To 
derive a dose/response factor from the Selikoff et al. (1979) study, Nicholson simply 
assumed that exposures to the entire cohort could be considered equal to the average 
exposure concentration estimated for the entire industry at the time.

As can be seen in this same column of the Table, of the 13 available risk factors for 
lung: cancer that were considered, nine (70%) were derived primarily by measurements 
other than PCM and thus had to be converted. Moreover, of these, five (60%) used 
factors to convert the measurements to PCM that were non-study specific.

As indicated in Walton (1982), La Ville de Thetford Mines (1994), and Smith, G.W. 
(1968), as well as based on general commercial considerations regarding the need for 
pure product material, the processes that were used to separate and isolate fiber 
product from the ore in asbestos mills was very efficient. Thus, the fraction of host rock 
fragment remaining in most commercial asbestos fiber product was extremely small. 
This is particularly true of the textile grade material, although it is possible that slightly 
greater amounts of grit and dirt (left over from mining and milling) might remain with the 
lower grade fiber products (especially the lowest grade fiber primarily used in the 
manufacture of friction products).

Given the above, the last column of Table 3 indicates the potential for rock fragments 
(i.e. non-asbestiform cleavage fragments) composed of asbestos minerals to be 
present in the various control environments studied. As can be seen in the table, the 
only environment in which a substantial fraction of any such fragments (primarily 
serpentinite fragments in this case) could potentially be present is in the Quebec mine 
and mill environment. Yet this environment was in fact excluded from the analysis 
conducted to derive the recommended EPA slope factor (EPA 1986, IRIS Current).

It should also be noted from the table that most of the control environments (other than 
for textiles or mining/milling) potentially contain some kind of non-asbestiform 
fragments, but these are generally expected to be composed of materials not related to 
the asbestos minerals. In such environments, therefore, the potential relationship
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between PCM and PCMe will be very different than what is observed in places where 
large numbers of amphibole rock fragments exist (such as in El Dorado County).
Further evidence for this is provided by Lynch et al. (1970). Also, see Section 3.3.

Given the above and because no study of any amphibole mining or milling operation 
was available at the time that the analysis was conducted (EPA 1986), there are no 
control environments among those studied to support development of the current EPA 
risk factor in which amphibole rock fragments were more than a very minor component 
of dust exposures. Therefore, given the radically contrasting conditions in the specific 
locations of El Dorado County studied by Ladd (in which amphibole rock fragments 
appear to be plentiful), PCMe does not satisfy the first of the criteria listed in Section 3.4 
when applied to environments such as that found at these specific sites.

In contrast, the exposure metric recommended by Berman and Crump should be 
considered applicable to the environment in El Dorado County for two reasons. First, 
the Quebec mining studies (e.g. Liddell et al. 1997) were not excluded from the analysis 
used to evaluate the metric (Berman and Crump 2003). Second, and perhaps more 
importantly, the more recent studies of crocidolite (amphibole asbestos) miners in 
Wittenoom, Australia (de Klerk et al. 1994) and the Vermiculite miners in Libby (e.g. 
Amandus and Wheeler 1987) were also included. Note that the vermiculite mined in 
Libby is contaminated with amphiboles that include both rock fragments and what 
appears to be particularly hazardous forms of asbestiform amphiboles (most likely due 

to size).

In fact, there is direct evidence of the kinds of differences in the various environments 
that are described in the previous paragraphs. It comes from the examination of data 
from every environment characterized in a set of readily available studies in which 
PCMe and protocol structures were simultaneously determined (including airborne 
dusts from asbestos products, dusts at sites in which the source of asbestos is known 
to be debris from commercial asbestos products, and dusts at sites in which the source 
of asbestos was a minor, natural contaminant of a matrix composed of a non-asbestos 
mineral). In virtually all of these environments, protocol structure concentrations were 
comparable to or greater than that of PCMe concentrations. Among other things, the 
above confirms that asbestiform structures are almost exclusively thin, as the thinnest 
structures are included in the protocol structure metric but excluded from the PCMe 

metric.

In contrast, the data from the Ladd (2005) study show samples in which the 
concentration of PCMe fibers is two orders of magnitude greater than the concentration 
of protocol structures. Based on the size distributions reported by RJ Lee for the data 
from Ladd (2005), only 4% of the structures longer than 5 pm are protocol structures 
while 96% are* PCMe (although only 25% of these are respirable). Even if one assumes 
a greater width cutoff than the respirable limit (such as the 1.5 pm proposed by the peer 
review committee of the Berman and Crump protocol, ERG 2003), almost 50% of the 
PCMe fibers would still be excluded. Clearly, something is very different about these
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samples relative to samples that have been collected in environments known to be 
contaminated with asbestos. .

4.1.2 General limitations of the Ladd (2005) study

There appear to be two important limitations that need to be addressed before the data 
from the Ladd (2005) study can be properly interpreted. These are:

• QC-related issues; and

• the extent to which the results of the study can be considered generally applicable to 
conditions within El Dorado County (i.e. beyond the specific locations studied).

These are each addressed below.

Quality Control Issues. Based on interpretation of the data reported from the analysis 
of Q’C samples from the Ladd study, there appear to be potentially serious laboratory 
quality control issues.

It appears that a number of QC analyses have been performed in which either the 
same analyst has re-analyzed a sample by examining the same set of grid openings 
twice (replicate analysis) or two different analysts have independently examined the • 
same set of grid openings from the same sample (duplicate analysis). In several cases, 
such analyses were also conducted in triplicate for the same sample.

Although the EPA analyses were not conducted in a fashion allowing interpretation 
using the formal rules of verified counting (see, for example, Turner and Steel 1994; 
Steel and Small 1985; and Turner and Steel 1991), their results can still be evaluated to 
test whether the same sets of structures were observed over the same area scanned 
during each analysis. If one is to have faith that analyses have been properly 
conducted and documented, it is critical that one be able to show that analysts see the 
same structures when scanning the same areas of a sample.

Importantly, the QC evaluation discussed here is based simply on an independent 
interpretation of the results reported in Ladd (2005) for the analyses of QC samples. 
This is not a case in which an independent microscopist is working to verify specific 
results. Thus, direct access to the samples is not required. Rather, the role being filled 
here’ is simply one of a data analyst evaluating the performance that is to be expected 
when data become available from multiple analyses of the same set of grid openings on 
the same sample.

The procedure by which the QC results are evaluated here represents a less severe 
test of the comparability of the analyses than are typically performed for verified 
counting. Therefore, the degree of agreement one should expect should be at least as 
good as what is commonly achieved during verified counting. This means that false
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positives (i.e. observation of a structure by one analyst that cannot be verified by 
another) should represent no more than 5% of the total number of structures reported 
and true positives (i.e. observations of the same structure by each analyst) should 
represent no less than 85% of the total number of structures reported8 9. Yet, across 
the five sets of replicate or duplicate analyses that were examined, substantially worse 

agreement was observed.

The evaluation was conducted simply by comparing the number of primary structures 
that each analyst reported for each specific grid opening. If the numbers disagreed, it 
would be concluded that there was an error in counts on that grid opening. Since 
whether one value reported by a particular analyst was higher or lower than the other 
was not considered in this evaluation, each observed error cou|d be due either to a 
false positive or a false negative. Thus, this represents the total error that might occur 
on a particular grid opening and the total error should be less than 20% = (1 - 85%) +
5% where the number of false negatives is assumed to be the total number minus the 
number of true positives (see Turner and Steel 1994).

Clearly, this is the most general possible comparison, as it entirely ignores comparisons 
involving specific features of any of the structures (such as type, mineralogy, or 
dimension). Even multiple count errors were ignored (i.e. errors in counts from 
particular grid openings that differ by more than one unit were still counted as a single 

error).

Results for the set of five samples evaluated are presented in Table 4. Note that, when 
the same grid openings were analyzed by three (rather than two analysts), the error rate 
for each analyst is reported as the number of grid openings for which a disparate 
number was recorded against the average of the other two analysts.

-■ Importantly, comparing results of analyses across the same areas of a scanned surface is 
qualitatively different than simply comparing structure counts across multiple analyses (or 
Independent preparations) of the same sample when each analyst analyzes unique areas 
of the scanned surface (i.e'. different grid openings). In the latter case, at best, one can 
expect agreement across analyses to be no better than what is predicted based on 
Poisson statistics. This is because the distribution.of asbestos structures on a filter are 
random so that the chance of encountering a certain number of structures on a ny 
particular area of the filter exhibits a statistical distribution. In contrast, however, if 
multiple analysts scan the same area of a sample (i.e. the same grid openings), they 
should observe the same, unique set of structures that were deposited on that particular 
area. Thus, ideally, their counts and observations should be identical.

Based on the performance shown to be achievable for verified counting in general (Steel 
and Small 1985 and Turner and Steel 1991), the targets defined above appear 
reasonable for analysts counting structures in support of the Ladd study and this is 
especially true given the extremely favorable manner in which performance is evaluated 

(see main body of text).
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In Tiable 4:
• the first column provides the Sample Identification Number;
• the second column indicates the number of analyses conducted on the specific set 

of grid openings from the indicated sample;
• the third column indicates the total number of grid openings analyzed;
• the fourth column indicates the number of differences in counts observed between 

the indicated analysis and the other analyses of the sample;
• the fifth column indicates the total error rate; and
• last column indicates whether the counts are consistent (i.e. whether they exceed 

the total error rate).

As can be seen in Table 4, analyses from four of the five samples that were evaluated 
are inconsistent. That there are problems with four of these five samples, indicates that 
further investigation is warranted. Moreover, although the remaining 18 QC analyses 
conducted on the same grid openings that were reported by Ladd are not further 
evaluated here, the findings reported by RJ Lee (RJ Lee 2005) concerning these 
remaining samples suggests that the same kind of QC problems are more prevalent 
than what has been reported here.

Table 5 is provided both to illustrate how the estimates in counts of differences were 
derived for Table 4 and to illustrate the strength of the evidence that QC problems may 
be even worse than what is indicated by the data in Table 4.

Table 5 displays the sets of structures observed over the same set of 15 grid openings 
during each of three analyses conducted for sample SRA-R05-110604. Note that the 
data are presented in such a manner so as to line up corresponding structures in the 
same rows, to the extent possible. When not possible, however, a series of arrows 
between the columns representing each analysis are also displayed to connect 
structures in different rows that, however unlikely due to clear differences in character, 
were assumed to be equivalent. Thus, each analyst was given every possible benefit 
of the doubt in the evaluation described above.

For each analysis presented in Table 5, the 10 columns respectively present:
• the grid specimen number (typically, analyses are spread across grid openings from 

each of two grid specimens);
• the sequential number of each grid opening scanned;
• the code identifying the particular grid opening scanned;
• the code representing the manner in which the mineralogy of a particular structure 

was identified (see ISO 1995);
• the sequential number of each primary (isolated) structure encountered;
• the sequential number of the total number of structures encountered (including 

structures embedded in larger, complex structures);
• the class (type) of each structure encountered (i.e. fiber, bundle, cluster, matrix, 

matrix-fiber, etc., see ISO 1995);
• the length of the structure (pm);

Page 23 of 55



• the width of the structure (pm); and
• the aspect ratio of the structure.

To determine the number of primary structures reported on a particular grid opening by 
a particular analyst (in support of the evaluation reported in Table 4), the number of 
primary structures (denoted by having a numerical entry in Column 5 of Table 5) for 
each unique grid address (denoted by the combination of grid specimen in Column 1 
and the specific grid opening location in Column 3) were simply counted. These values 
were then compared across analysts and the total number of grid openings for which a 
disagreement was observed was summed (with the results presented in Column 5 of 
Table 4). This sum was then divided by the total number of grid openings included in 
each analysis to derive the fraction (percentage) of total errors that are reported in 

Column 6 of Table 4.

Also in Table 5, rows representing missed structures in a particular analysis (false 
negatives) are highlighted in pink and rows representing an unconfirmed structure (false 
positives) are highlighted in green. Mismatches between dimensions or structure types 
are highlighted in blue. Note that, although none of this information was used in the 
evaluation of performance conducted as described above (and reported in Table 4), the 
degree of color observable in the table suggests substantially greater problems than 
what is reported in Table 4. For example, as indicated at the bottom of Table 5:

• for the Original Analysis reported on the left, of the 11 structures observed during

this analysis:
o four (Nos. 3, 8,9, and 11) are unconfirmed during either of the other analyses 

(rows highlighted in green);
o two (Nos. 1 and 7) are disputed (identified during only one of the two other 

analyses);
o 6 structures identified during the other analyses were entirely missed during this 

analysis (rows highlighted in pink); and
o although these structures were nominally matched with other structures, the 

character and/or dimensions of four structures (Nos. 1, 6, a component of 6, and 
7) reported in this analysis do not even reasonably match the character and/or 
dimensions reported for these structures during the other analyses. These 
discrepancies are highlighted in blue; •

• for QC Analysis No. 1 (in the middle of Table 5), of the 14 structures observed ,

during this analysis:
o three (Nos. 3,7, and 9) are unconfirmed during either of the other analyses 

(rows highlighted in green);
o seven (Nos. 1,2,4,11,12, and 13) are disputed (identified during only one of 

the two other analyses);
o 1 structures identified during the other analyses were entirely missed during this 

analysis (rows highlighted in pink); and
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o although these structures were nominally matched with other structures, the 
character and/or dimensions of 12 structures (Nos. 2,4, a component of 4, 6,8, 
10, a component of 10,11, a component of 11,12,13, and 14) reported in this 

N analysis do not even reasonably match the character and/or dimensions reported 
for these structures during the other analyses. These discrepancies are 
highlighted in blue; and

• for QC Analysis No. 2, of the 19 structures observed during this analysis:
o' 12 (Nos. 1,4, 5, 6, 7, 8, 9,12,14,15,17, and 18) are unconfirmed during either 

of the other analyses (rows highlighted in green); 
o three (Nos. 2, 3, and 16) are disputed (identified during only one of the two other 

analyses);
O; 2 structures identified during the other analyses were entirely missed during this 

analysis (rows highlighted in pink); and
o although these structures were nominally matched with other structures, the 

character and/or dimensions of 12 structures (Nos. 3, a component of 3,10,11, 
13, a component of 13, a component of 15,16, a component of 16, a component 

' of 17, a component of 18, and 19) reported in this analysis do not even 
reasonably match the character and/or dimensions reported for these structures 
during the other analyses. These discrepancies are highlighted in blue.

The source of the errors indicated in Table 4 is not immediately apparent: However, an 
evaluation of all of the 57 paired analyses reported in the Ladd (2005) data set show 
statistical agreement among pairs. This suggests that the errors may be associated with 
reporting and documentation, rather than the actual performance of the analysts. 
Nevertheless, these problems are still serious. One cannot consider data reliable until 
one has confidence not only that analyses are correct, but that the results have been 
properly documented. Therefore, until these problems are addressed through some 
appropriate corrective action, one cannot place confidence in the concentrations 
reported in the Ladd (2005) study. This is simply because there is otherwise no 
independent means of confirming whether the analysts in fact saw what they reported.

The general applicability of the Ladd study. Exposures linked to a small number of 
specjfic areas within El Dorado County were studied by Ladd (2005), These include, for 
exarriple, specific school yards and a nature trail (among other places). If broader 
conclusions concerning asbestos exposure in El Dorado County (beyond those linked 
exclusively to the specific areas studied) are to be derived from this study, however, the 
degree with which the specific locations studied reflect broader conditions in El Dorado 
County needs to be characterized.

It is expected that conditions in El Dorado County will vary substantially from one 
location to the next. This is likely true both in terms of the concentrations of serpentinite 
and amphibole minerals in local soils and rock as well as the fraction of such minerals
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that are truly asbestiform.10 For example, despite evidence that the fraction of true 
asbestiform amphibole is small in soils in the areas specifically studied by Ladd 
(Sections 4.1.1,4.2.1, and 4.3), it is known that asbestiform amphibole exists in at least 
some parts of the county (see, for example, Davis et al. 1991).

Given the above, without tying exposure estimates from the Ladd (2005) study to bulk 
determinations of asbestos in the soil (e.g. through some type of appropriate modeling 
validated with field confirmation from a robust and properly designed study), any results 
derived from the Ladd study cannot be extrapolated beyond the bounds of the specific 
areas within which the study was actually conducted. Moreover, without developing 
some type of general approach to link airborne measurements to bulk measurements, it 
will prove impractical to conduct simulations in every area of concern around El Dorado 
County (let alone the nation) in which the presence of amphibole or serpentinite 
minerals may suggest concern with regard to the presence of asbestos.

4.1.3 Implications from the literature concerning cleavage fragments

A wealth of studies have been published that potentially provide information 
distinguishing the relative potencies of amphibole cleavage fragments and true 
asbestiform structures. These include, for example, the studies cited by llgren (2004) 
and those included in the docket supporting the OSHA final rule (OSHA 1992). 
However, the interpretation of these studies remains controversial.

i
It is true that many of these studies suffer from the various kinds of limitations that 
commonly plague similar studies typically associated with true asbestos, including 
primarily the inadequate manner in which the relevant exposures have been 
characterized in many studies. Also, individual studies exist that “appear" to contradict 
the impressions gleaned from the majority of these studies. However, the apparent 
contradictions simply suggest a robust database that may actually provide an 
opportunity to evaluate and identify exposure models capable of reconciling these 
disparate results (see below)., It is expected that a single unified model can ultimately 
be developed that adequately predicts the risk associated with exposure to elongated 
particles of serpentine and amphibole, whether asbestiform or not.

In fact, it appears that the protocol developed by Berman and Crump (2003), perhaps 
with minor modifications, may be close to achieving the goal of reconciling this set of 
literature studies. However, further study is clearly required to test this possibility.

This will also radically affect overall size distributions and thus the relationships between 
various exposure metrics. Thus, exposure and risk estimates will be affected, no matter 
how one chooses to assess risk.

importantly, it is primarily the citations reported in llgren (2004), rather than the specific 
findings reported by llgren that should be the focus here.
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Taken as a whole, the evidence from the available literature is strongly suggestive 
either that cleavage fragments (structure for structure) are less potent than true 
asbestiform structures or that populations composed primarily of cleavage fragments 
contain fewer structures within the size range that induces biological activity than 
populations containing substantial fractions of asbestiform material.

In fact, this general impression is consistent with the findings by OSHA. In their final 
rule, OSHA (1992) concluded that the evidence from these studies was insufficient to 
regulate cleavage fragments as asbestos. Nevertheless, controversies persist and 
these need to be thoroughly explored and reconciled.

In fact, the best interpretation of the literature may be that controversies concerning the 
distinction between the hazards associated with cleavage fragments and true 
asbestiform structures are driven primarily by use of an inappropriate metric for 
characterizing asbestos-related exposures. There is ample evidence that the size 
range represented by “regulatory fibers” (i.e. those included in the PCM/PCMe metrics) 
does not adequately reflect the size range of asbestos structures that predict risk 
(Section 4.1.1).

That the controversies surrounding cleavage fragments are largely a function of size 
and jthe associated need to employ an appropriate eixposure metric when evaluating 
asbestos risk is directly supported by the findings of both the American Thoracic 
Society (ATS 1990) and the expert panel that contributed to the peer consultation 
workshop on the Berman and Crump protocol (ERG 2003). Both of these groups 
explicitly question the appropriateness of “regulatory fibers" as an exposure metric for 
asbestos. Moreover, given such comments, it is clear that neither the ATS nor the 
expert panel explicitly supports the approach proposed by EPA for assessing risks in El 
Dorado County.

Many studies (including the extensive work documented by Berman and Crump) point 
to longer and thinner structures (thinner than PCMe fibers) as the ones that contribute 
most to disease. Thus, once an appropriate exposure metric (which focuses on these 
structures) can be fully evaluated and optimized:

(1) the disparate results of the existing epidemiology studies will be fully reconciled 
by a unified model of exposure and risk; and

(2) the need to distinguish true fibers from cleavage fragments will be unimportant in 
this model. Thus, the entire controversy surrounding the differences between 
true fibers and cleavage fragments may simply disappear.

The|exposure metric proposed by Berman and Crump (2003), even though not fully 
optimized (due to the limitations of the data available for supporting such optimization) 
already provides substantial improvement toward reconciliation of the disparate 
epidemiology studies (relative to that observed ,when exposure response factors from
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these studies are expressed in terms of the regulatory fiber metric). In fact, the 
improvement is statistically significant for mesothelioma (Section 4.1.1).

Although it is recognized that the data set recently studied by a team from NIOSH 
(Kuempel et al. 2006) has limited power to evaluate such questions, the results that 
they report support the findings of Berman et al. (1995) and the overall direction for 
optimization proposed by Berman and Crump. This direction is ultimately to consider 
exposure metrics focusing on even longer structures than currently considered.
Kuempel et al. (2006) also proposed better evaluating the cutoff for width, once an 
adequate data set can be found for supporting such an evaluation. Unfortunately, the 
available exposure characterizations are insufficient to adequately evaluate the effects 

^ of width across the published epidemiology studies (Berman and Crump 2003).

It should also be pointed out that (absent the ability to identify or manufacture study 
environments in which exposures are known to be pure) the best and most definitive 
way to resolve the controversies involving cleavage fragments would be by:

(1) reconstructing the characteristics of the historical exposures in the available 
epidemiology studies conducted in the complete set of environments in which 
exposure is known to have been almost exclusively composed of pure 
asbestiform structures (i.e. in the various asbestos product factories studied 
historically), in environments in which exposures have been demonstrably mixed 
(i.e. the various mining environments studied historically), and in environments in 
which exposures appear to have been primarily (but not necessarily exclusively) 
to non-asbestiform amphiboles; and

(2) conducting a meta analysis over this entire suite of studies incorporating the data 
derived from (1) that provides an improved characterization of the associated 

exposures.

If, as expected, the result of such a study would be the identification of a single 
exposure metric (with multiple risk factors) that would explain the observed variation in 
dose-response across all three sets of studies, this would provide reasonable 
confidence that the studies had been adequately reconciled so that risks for all of these 
types of sites can be adequately predicted by a single model.

4.2 Considering Precedent

To evaluate the degree with which the approach proposed by EPAfor evaluating 
asbestos-related risk in El Dorado County is supported by precedent, it is important to 
consider: •

• the overall consistency of approaches used to evaluate asbestos exposure and risk 
at government-lead sites; and
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• a comparison of the relative degree of review of the proposed approach and the 
Berman and Crump approach.

4.2.1 Approaches used at other government-lead sites

Table 6 presents information about a set of government-lead studies in which the EPA 
played a major role. In fact, EPA was the lead agency on all of the projects listed 
except the Southdown Project for which the lead was shared with the New Jersey 
Department of Environmental Protection (NJDEP). These studies were selected 
primarily to indicate the diversity of approaches that EPA has recently taken to assess 
asbestos-related risk12.

In Table 6, the studies are presented in chronological order (based on the date of the 
respective reports from which the information about each project was derived). 
Successive rows of the upper portion of the table respectively indicate:
• the year that the study was reported;
• the source of asbestos at the studied site (e.g. natural or commercial products);
• the nature of the surrounding matrix in which the asbestos is found;
• the type of asbestos;
• the types of microscopic structures associated with each matrix;
• the specific versions of the definition(s) employed for the PCMe exposure metric;
• the analytical method(s) employed to determine the concentrations of asbestos 

structures in the samples collected from the site; and
• the approach(es) employed to assess asbestos-related risks.

The middle portion of Table 6 provides information on the relative magnitude of risks 
estimated using each of the various approaches adopted in each study. This, in turn, 
provides a general indication of the relative degree of health protectiveness afforded by 
the various approaches. Rows in this section of the table respectively indicate:

• whether the ratios of risk presented in this section were observed or estimated. Risk 
ratios were considered to be observed if they were derived directly from risks 
reported in the study.indicated for each of the exposure metrics considered. Risk 
ratios were considered to be estimated if the relevant risk estimates were not 
reported directly but the ratios could be extrapolated from information on the 
distribution of structure sizes observed in the analyses conducted to support each 
study;

• the ratio of risks estimated by combining PCMe concentrations with the risk factor in 
IRIS to risks estimated for a selected, baseline case. Because this approach also

Importantly, while the set of studies presented In Table 6 are neither comprehensive nor 
statistically representative of the broader range of studies conducted by EPA over the 
years, their review is nevertheless instructive. Moreover, the findings presented in this 
section requires neither comprehensiveness nor representativeness for validity.
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(approximately) represents the baseline case, all the ratios in this row are reported 

as one;13

• the ratio of risks estimated by combining PCMe (as defined by COEHHA) with the 
risk factors recommended by COEHHA to risks estimated for the baseline case.
The COEHHA definition of PCMe is provided in Table 1 under the heading; “CA 
Proposition 65.” Note that the COEHHA definition of PCMe was only considered in 
the first study listed in the table (i.e. Diamond XX);

• the ratio of risks estimated using the approach recommended by Berman and 
Crump (2001) to the risks estimated for the baseline case; and

• based on the ratios presented in the previous rows, whether risks derived using 
Berman and Crump (2001) or those derived using IRIS would be expected to be 
larger and thus drive risk management decisions. The procedure providing the 
greatest estimates of risk would generally be expected to drive these decisions.

It should be noted that the ratios presented in this section of the table for El Dorado 
County (the last column of Table 6) are all listed in parentheses to highlight the fact that 
they are especially uncertain due to a need to resolve QC issues associated with the 
data from this study as well as the need to address other study limitations (Section 

4.1.2).

The lower portion of Table 6 provides information bn the risk levels equivalent to an 
AHERA benchmark criterion that was used in some studies to support risk management 
decisions. Details concerning the manner in which this benchmark was established for 
the various sites in which it was applied (i.e. Libby and the World Trade Center) are 
provided in the respective studies cited in the table for those sites.

Depending on the availability of data from a particular study, the level of risk that would 
be equivalent to the concentration represented by the AHERA benchmark were derived 
using both the risk approach employing the IRIS risk factor and for the approach

13 In fact, the baseline case is intended to be one in which PCMe concentrations with
dimensions matching those indicated in IRIS would be combined with the IRIS risk factor 
(see Table 1). In contrast, PCMe concentrations derived in the studies presented in 
Table 6 actually represent PCMe structures with the dimensions defined either by NIOSH 
or by ATSDR, which include thinner structures than those included in the IRIS definition 
(see Table 1). This makes the exposure concentrations slightly larger than what would 
have been determined in the strict manner defined in IRIS. Thus, the ratios presented in 
the 'IRIS (Current)* row of the table should all be somewhat smaller than one. 
Unfortunately, however, without access to the raw data from each study (and the time 

v required to conduct the requisite calculations), it is not possible to determine the exact
value of this ratio. Thus, they are all presented as “one" in the table, with footnotes 
indicating the problem.

Page 30. of 55



recommended in Berman and Crump (2001 )14. For the former, the concentration of 
PCtyle structures equivalent to the AHERA benchmark (given the characteristics of the 
asbestos structures at each particular site) was first determined from the data and this 
was then multiplied by the risk factor in IRIS. Similarly for the Berman and Crump 
approach, the concentration of protocol structures (and the fraction of long protocol 
structures) equivalent to the concentration represented by the benchmark were first 
determined from the site data and the protocol structure concentration was then 
multiplied by a risk factor appropriate for the type and size distribution of asbestos, as 
described in Berman and Crump (2001). IRIS-based risk estirnates and Berman and 
Crump-based risk estimates are presented, respectively, in the last two rows of Table 6.

A number of findings can be gleaned from the information presented in Table 6. It is 
apparent, for example, that the EPA has been applying the Berman and Crump protocol 
(or a forerunner to the protocol) to assess asbestos-related risks at least at some sites 
as far back as 1994. Interestingly, the Diamond XX study was also the first of several 
studies of asbestos roads commissioned by the EPA in which highly robust and 
statistically significant results were obtained (ICF Technology 1994).

It is also interesting to note that, at least at the Southdown site, the EPA supported 
distinguishing contributions to risk from true asbestiform structures and cleavage 
fragments. Thus, it appears that this.issue has received past attention.

The information presented in the middle portion of Table 6 indicates that, except for the 
El Dorado County Study, risks estimated using the Berman and Crump protocol are 
equivalent to or higher than those estimated using IRIS. In fact, for sites in which 
amphibole asbestos is present, the Berman and Crump protocol provides risk estimates 
that are substantially higher than those estimated using IRIS; This observation is 
further supported from observations at virtually all other sites in which both approaches 
have been applied to assess risk. These include both sites at which asbestos is 
naturally occurring and sites at which the source of asbestos is debris from asbestos- 
containing construction materials.

That the above contrasts sharply with what is observed for the El Dorado County Study 
(i.e. that risks estimated using the Berman and Crump protocol are substantially lower 
than {those estimated using IRIS) reinforces the notion that something may be radically 
different about the nature of exposures in the specific locations in which this study was 
conducted than for the exposures characterized at most other asbestos sites. This and 
related considerations are addressed further in Section 4.3, below.

The information provided in the lower portion of Table 6 reinforces the findings obtained 
from the middle portion. It also suggests that use of the AHERA benchmark to

Note that in all cases here, estimated risks were derived assuming lifetime-continuous 
exposure, which may or may not be appropriate for specific situations. Thus, such 
considerations need to be more carefully explored before drawing definitive conclusions.
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delineate potentially hazardous exposures to asbestos may not be particularly health 
protective. As can be seen in the second to last row of the table, the risk equivalent to 
the AHERA benchmark (using IRIS) is near or at the upper end of the range of risks 
potentially considered acceptable by EPA (i.e. 1x1 O'6 to 1x1 O'4) for both the Libby and 
the World Trade Center sites. Moreover, based on the characteristics of the exposures 
at Libby, the risk equivalent to the AHERA benchmark estimated using the Berman and 
Crump approach is substantially above the range of risks potentially considered 

acceptable by EPA.

Unfortunately, the available data were not sufficient to estimate a risk equivalent to the 
AHERA benchmark using the Berman and Crump protocol at the World Trade Center 
site If it is true, however, that virtually all of the asbestos observed is chrysotile (and 
that is not entirely clear), then the Berman and Crump protocol would not necessarily be 
expected to produce a risk estimate that is substantially higher.

4.2.2 A comparison of the status of review of the proposed approach with the Berman 

and Crump approach

Table 7 is a side-by-side comparison of the steps required to assess asbestos-related 
risk using; respectively, the approach proposed by EPA for El Dorado County and the 
Berman and Crump protocol. It also indicates what appears to be the current (review) 
status of each of the steps, based on a brief review of relevant documents.

In Table 7, the first column lists the major phases required for assessing risk (from 
acquisition of data through applying a risk factor to exposures estimated using a 
particular metric). Obviously, the steps of these phases had to be streamlined for 
brevity, although an effort was made to capture all steps in which distinctions are 

potentially important.

The remaining columns of Table 7 respectively indicate:

• the steps employed by EPA to develop the current risk factor for asbestos (IRIS 
Current) and to apply it using the approach proposed for El Dorado County;

• comments highlighting important considerations for some of these steps;

• the steps employed to develop the risk factors proposed by Berman and Crump 
(2001,2003) and to apply it to El Dorado County; and

• comments highlighting important considerations for some of these steps.

As can be seen in Table 7, the Berman and Crump approach has substantially 
benefitted from the advantage of 14 additional years of research over development of 
the risk factor currently listed in IRIS. Among other things, this means that control 
environments potentially relevant to environments in which asbestos is naturally
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occurring (and may therefore coexist with substantial contributions from massive forms 
of the same mineral) were considered.

It is also acknowledged in the table that the current IRIS risk factor enjoys the 
precedent of having been subjected to the entire, formal EPA review process needed 
for establishing such values. In contrast, the Berman and Crump protocol has only 
been subjected to an initial peer-review consultation (by a panel of 11 experts) 
heretofore. At the same time, even EPA staff acknowledge that the IRIS risk factor is 
out Of date and needs to be revised (Fed Reg 2006).

What may be more important to the issues at hand, however, is the status of the steps 
listed in Table 7 that are subsequent to the establishment of risk factors. As can be 
seen in the table, because one is applying ‘apples directly to apples,” and because the 
exposure metric recommended in the Berman and Crump protocol has already been 
converted to a TEM-dependent exposure metric (during development of the risk factor 
itself), no further assumptions are required (or need review) when applying the factor to 
assess risks at particular sites.

In contrast, as has been shown in previous sections of this report, determination of 
PCMe-based concentrations may not have been conducted entirely consistently 
heretofore. Moreover, the manner in which PCMe relates to risk in an environment 
such as observed in El Dorado County are entirely different than the kinds of 
environments studied by epidemiologists in the control studies used to derive the 
current risk factor in IRIS. In addition, it does not appear that either of these critical 
considerations have been subjected to any kind of formal agency review at this point in 
time’.

The comment from the Peer Review Committee concerning the idea that the minimum 
diameter of the size range for protocol structures needs to be increased to 1.5 pm also 
needs to be addressed. It is important to understand that, currently, this is only a 
recommendation from the group of reviewers. It is not.a finding from a formal analysis 
of any kind. This contrasts with the current size range limit, which has been formally 
evaluated as part of a meta analysis of the human epidemiology studies and 
extrapolated from a formal analysis of animal inhalation studies. Moreover, it is unlikely 
that members of the peer-review committee would suggest that such a change should 
be applied for exposure determination without first defining an appropriately matching 
risk factor (which would require that a formal meta analysis be completed using 
appropriate exposure data)15.

Unfortunately, the database of existing size distributions is not sufficiently rich to 
adequately evaluate the effects of length oV width further than what has already been 
done (Berman and Crump 2003). It is important to remember, for example, that the 
effects of length and width are confounded so that the unfortunate length truncation of the 
existing database (i.e. that no information is available for the distribution of lengths 
beyond 10 pm) prevents more detailed consideration of either width or length using the
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In fact, it is not even known whether such a change would result in risk estimates 
increasing or decreasing in specific environments. This is because the result of the 
meta analysis (which would need to be conducted to develop properly matched nsk 
factors) would be to spread the “fixed” risk from the mortality observed in the 
epidemiology studies across a larger number of structures than is the case for the 
exposure metric currently recommended by Berman and Crump. The relative 
magnitude of the risk estimated using the new, thicker structures (versus current 
protocol structures) would then depend on the relative ratios of the two sets of 
structures in control studies vs. site studies.

To illustrate the above consideration, if the ratio of the new exposure metric 
(incorporating the thicker structures) to protocol structures is greater in the control 
environments (studied by epidemiologists) than in environments of interest at specific 
sites (where risks are assessed), then risks estimated using the new metric will be lower 
than risks estimated using the current (Berman and Crump) metric. Thus, it is possible 
that even this approach could potentially be “less health protective,” although an 
appropriate meta analysis might (or might not) show that it is more reliable.

4.3 Considering Health Protectiveness

It is instructive to evaluate the relative degree of health protectiveness potentially ^ 
afforded by the various approaches for assessing asbestos-related risk that are 
considered in this report. The information provided in the middle and lower sections of 

Table 6 can be used for this purpose.

Based on the factors presented in the row of Table 6 labeled: “Berman and Crump 
(2001)” and confirmed in the row labeled: “Risk Driver," it appears that the Berman and 
Crump protocol provides a more sensitive measure of asbestos-related risk than the 
approach using IRIS. Moreover, for sites in which asbestiform amphiboles are the 
primary contributors to exposure, risks estimated using the Berman and Crump protocol 
tend to be an order of magnitude or more greater than those estimated using IRIS.
Such observations are further confirmed by studies at other sites (including sites at 
which amphibole asbestos is naturally occurring and sites at which it is derived from 
manufactured asbestos product debris). At virtually all such sites in which data are 
available for comparing the two approaches for assessing risk, the Berman and Crump 
protocol yields risk estimates that are substantially higher than those estimated using 

IRIS.

human epidemiology data. <

It should also be noted that the results reported by NIOSH at a recent conference 
(Kuempel et al. 2006) tend to support the direction of the Berman and Crump work (i.e. 
toward very long and very thin fibers as the cause of disease), it is also important to 
recognize that the single environment available to the authors iri this analysis is not 
sufficiently robust to adequately examine these kinds of questions.
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the information in Table 6 also highlights the fact that the set of sites exhibiting 
elevated risks and the rank order of such risks varies as a consequence of the choice of 
the exposure metric used to assess risk. This helps to inform the question of which 
approaches, if applied consistently, are likely to best reflect what is known about the 
incidence of asbestos-related disease.

Use of the Berman and Crump protocol focuses attention on sites where long, thin, 
asbestiform amphiboles contribute substantially to exposure. These include (for 
example) sites such as Libby, where asbestos-related diseases have actually been 
observed among the exposed population.

In contrast, the appiroach proposed by EPA for use in El Dorado County (i.e. estimating 
exposure using the PCMe metric and combining such results with the IRIS risk factor) 
tends to focus attention on sites where local soils and rock contain high concentrations 
of non-asbestiform amphiboles (or serpentinite). Thus, locations such as the specific 
areas of El Dorado County studied by Ladd are emphasized. However, given that 
surface soils and rock over approximately 30% of the nation apparently contain 
substantial concentrations of non-asbestiform amphiboles with no current evidence of 
elevated disease in these areas, it is hot clear how helpful such emphasis may be.

At the same time, the approach proposed by EPA may ‘‘miss'' elevated risks at sites in 
which asbestiform amphiboles are present at low concentrations, but the host rock does 
not otherwise contain substantial concentrations of other (non-asbestiform) amphiboles. 
Thus, there may be situations in which "diluted" versions of Libby may be missed by this 
approach. Given such possibilities, it appears that the proposed EPA approach, if 
applied consistently, may miss potentially risky situations in various parts of the nation 
or even other parts of El Dorado County.

It should also be emphasized that, based on the information provided in the last two 
rows of Table 6, use of the AHERA benchmark as a screen for distinguishing potentially 
risky situations from those that are relatively safe, may not be as effective as desired 
(see Section 4.2.1).

One final note is also relevant here. As further work will inevitably be conducted to 
refine exposure metrics for assessing asbestos-related risk, it is important to debunk 
one widely held misconception. As it is a requirement of sound science for assessing 
risk, exposure concentrations estimated using any particular exposure metric should 
only be combined with risk factors that are properly matched to that particular exposure 
metric. Assuming this is the case, it is not true that an exposure metric resulting in 
greater numbers of structures being counted to determine concentration will necessarily 
result in greater estimates of risk than those derived using other exposure metrics.

To derive a risk factor matched to a particular exposure metric, it is first necessary to 
convert estimates of exposures relevant to the control studies (epidemiology studies) to 
the particular exposure metric. The manner in which this is accomplished is described

-s
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in detail in Berman and Crump (2003). However, the consequence of this step is that 
the risk factor derived from control studies will decrease as the number of structures 
included in exposure concentration estimates increase in these studies.

Given the above, whether risk estimated using a particular exposure metric will increase 
or decrease relative to a baseline case is a function of the ratio of the concentrations 
estimated for the particular exposure metric at the study site to the concentrations 
estimated at sites evaluated in the control studies. If more of the particular kinds of 
structures (defined by the exposure metric) are present in control study exposures than 
observed at a study site (relative to the baseline case), the risk estimated using the 
particular exposure metric will be lower than the baseline case for the study site in 

question.

5 CONCLUSIONS

Based on the evaluation presented above, it appears that the approach proposed by 
EPA to assess risk in El Dorado County satisfies neither of two criteria that are critical 
for assuring that risk assessments are reliable. First, due to substantial differences in 
character, exposure concentrations determined in terms of the PCMe metric in El 
Dorado County (Ladd 2005) are not directly comparable to the PCM-based exposures 
evaluated in the epidemiology studies used to derive the risk factor in IRIS (Current). 
Second, the PCMe exposure metric itself has been shown not to remain reasonably 
proportional to risk across exposure environments. /

Given these findings, applying the IRIS risk factor to the exposures measured by Ladd 
will not provide a reliable estimate of risk. In contrast, use of the protocol structure 
metric combined with the appropriately matched risk factors recommended by Berman 
and Crump (2001 )16 can potentially provide a reliable estimate of risk for the locations 
studied by Ladd, subject to the additional considerations discussed below.

The Ladd (2005) study appears to suffer from quality control (QC) problems that will 
need to be resolved before any attempt is made to interpret the data. Even after the 
QC issues are resolved, however, it may prove difficult to extrapolate findings that may 
be gleaned from the study more broadly than to the specific locations at which airborne 
measurements were collected. This is because no relationship between bulk 
concentrations and airborne exposure measurements was established in the Ladd 

study.

The analyses conducted to generate the data reported in Ladd (2005) were not explicitly , 
designed to determine concentrations of long structures (longer than 10 pm) with 
sufficient sensitivity and precision to support risk assessment exclusively using these 
longer structures. Therefore, if there is ultimately a desire to apply the Berman and Crump 
protocol to these data, the 2001 version of the protocol should be applied rather than the 
2003 version.
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Until the quality control issues are resolved and an appropriate statistical analysis of the 
data is conducted, a proper assessment of risk cannot be completed from the Ladd 
(2005) data. Thus, it is not possible to tell at this time whether risks estimated using 
either protocol structures or PCMe structures will prove to be acceptable for the areas 
represented by the Ladd study environment. However, assuming that the ratios of 
concentrations are approximately correct, it appears that the IRIS approach for 
assessing risk yields a higher risk estimate, than the Berman and Crump approach for 
the specific locations that were studied.

As the above observation (should it hold up) is highly unusual, compared to findings 
based on broad experience at other sites, it reinforces the finding that conditions at 
these specific locations in El Dorado County are very different from conditions found at 
most sites where asbestos is a hazard (potentially including other parts of El Dorado 
County).

If applied uniformly at sites across the nation, the approach proposed for assessing risk 
in El Dorado County will be less health protective than if such risks are assessed using 
the approach proposed by Berman and Crump. This is based on a growing body of 
experience at multiple, varied sites.

Whatever the relative risks that might be estimated for El Dorado County based, 
respectively, on the approach proposed by EPA and the approach recommended by 
Berman and Crump (2001), it appears that the proposed EPA approach is no better 
supported by precedent. t

|
Given that (based on discussions with multiple geologists) about 30% of the soil and 
near-surface rock in the nation may contain amphibole, if the agency intends to apply 
their’ asbestos regulations consistently to all areas where amphibole may be present, 
then it is in everyone’s interest to employ an approach that will adequately distinguish 
situations that are potentially risky from those that are not. Otherwise, there is a 
potential either to miss those sites in which true risks exist or, conversely, to 
unnecessarily wreak economic havoc. Neither result is in the public interest, although 
the first kind of error is clearly the more important to avoid.
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TABLE 1:
DEFINITIONS FOR PCM EQUIVALENT FROM VARIOUS SOURCES'

Source: IRIS NIOSH 7402d IS010312 CARB Staff Report CARB Method 427 CA Proposition 65 ATSDR
Year:

Referenced Current 1994 1995 1986 1988 2002 2001
Original 1988 1989 1995 1986 1988 1987 2001

TEM Criteria:
Min Length (pm) 5 5 5 ND 5 ND 5
Min Width (pm): 0.4 0.25 0.2 ND 0.2 or 0.3 ND 0.3
Max Width (pm): ND . ND 3 ND ND ND 3
AR: 23 23 23 23 23 23 23

Comments: Indicates that 
correlation between 
TEM and PCM fiber 

counts are "very 
uncertain.*

Count those structures 
that "would have been 

counted by PCM*

Indicates that potential 
interferences include 

non-asbestos 
amphibole particles 
with AR 2 3:1 and 

some non amphiboles 
with similar diffraction 
patterns to amphiboles

Indicates that the 
method cannot 

distinguish between 
the asbestifbrm 

varieties of 
amphibole minerals 

and their non
asbestos analogs.

Defined as total TEM 
structures (no 

minimum length or 
width defined) 

divided by either 100 
or 1000. -

Defined as total TEM 
structures (no 

minimum length or 
width defined) 

divided by either 100 
or 1000.

Defined as total TEM 
structures longer 

than 0.5 pm divided 
by 60

NOTES:
ND means: ’not defined in the method*

a To the extent possible, the most recent version of each of the above documents are presented, based on the results of a 
search of the appropriate agency websites. If there are newer versions, they are not easily located. 

b This method was not designed to provide concentrations of asbestos fibers directly. Rather, it was designed to provide a factor 
that would be used to ’adjust* a concentration measurement derived by PCM.

D. Wayne Berman, Aeolus, Inc.



TABLE 2:
COMPARISON OF STATUS OF VARIOUS EXPOSURE METRICS FOR EVALUATING ASBESTOS RISB

Total Raayabto Partteiaa PCM PCMs -

------ HRBnWWWK^—

Total Proto cat 8tructuraa Long Protocol Structures
Long Protocol Structures Further 

Opmiad
Extanddo AAss Mouth

Otananafana
AEO < 10 pm Lengto>Spm

Width >-0 25 pm
Length >5 pm

Width > -0.25 pm 0 5pm>Wxflh 0 4 pm > Width optxnized based on new mete 
analyse

1 5|an>Wxlth

Bswfrig andUetpb
IMgat Impmgarwith Analysts by Msmbrana Filter with Analyam by

Msmbrana Fitter with Tandem 
Analysw by both Optical and

Msmbrana Fitter veto Analysts by 
Transmission Electron Maroacopy*

Membrane Fitter wdh Analysis by 
Transmesion Bectron Microscopy*

Msmbrana FRar with Anstysa by 
Transmesion Electron Microscopy*

Uwnbran. Filter with Anteywa by 
Transmission Electron Mcroscopy*

MagnHIcatten

Oridn

_____________ -400 -400 500-1.000

____________ WIOSH*____________

10,000 10,000____________

Berman and CrumoP

10,000
Hvoothese oraoosad bv Bernard Peer Review Comm das'

Theoeatfcal Baals lor LMng 
la Risk

Nona.

atOwbma*

Mae. *
Developed pnmanly tar analybeal 

convenience wRh general recograbon 
of naad to dotnguah fibers tram

Based informally on presumption that 
maaaunng same see range as PCM 

(but adding mneid confirmation} 
would alow fcnk to epdermology 

study results

ftndmgs m Bannan at al 1995 with a 
modHcabon raqured by the 

pubbshed awe data swaitabla tar 
appkcasen to taa apidomntogy

Modified from 2001 protocol baaed 

on tarmsf hypothecs lest of aftad ol length on abtty to raduea vanabrirty 
aeroas axabng eptoemtobgy

atodras*
Width mtsrvsl reduced to match that 
mdicalBd m Barman at al. (1995) par

oomndtoe9'

vnpkcatjons from the literature that 
even longer structures are toe iragor 
contnbutoratonsk. Would also have 
opbmzadvndthdanensions based on 

a new anatyea uamg new dda

general Idas Bet die range of 
structures indudaa all strudurss fret 

. patsnbaftycontnbutatonsk. 
Importonfly. the matnc may not 
automabcaRy prove more haaMi

protective than others1

Other Ctdncs

Recognised as vedequata far 
asbestos whan exfrapolabng boobs 

environments*

(1) Raoogntzad as madaqusta tar 
aabeitaa when eatrapdsbng aooss 

environments.***

(Z) Shown not to adequately prathct 
dskmarwnslataaishon studwt*

As PCM has not boon shown to 
' reasonably predict risk, ubbty far 

etorapotadng awosa exposure 
environments la queabonsbto

aubstanbaly reduos vanabfcty across 
axissng apatamdogy studios 
compared to use of PCMe.1

over 2001 protocol, based on hmdad 
hypofaasa testing mvdvmg effects of 

length.*

now moto anatyae as roon as data 
from now cancelled study would have 

become avadabto.*

toe matnc tar consderafron as part 0 
further mats analyse, vrtveh e 

mqutfsd to define matching does 
response tadora fry the matnc.1

Maid

Oaagnad ork^iaOy tar ganarai 
appbcabon to toons inhaled as 

parocutate matter*

Oasqnad ongmdly tor avataatmg 
exposure to commsrcral asbestos. 

NOT mdtaHy designed tor appfcabon to

Prr*^ ~ -*■ .......... ■" •**
method, d appears to have bean 
designed ongmaly tar evaluating

appbobon to albedos m any 
onwronmanL*

appbcabon to aabastoa many 
envtranmanL*

to Htoilw si any 
enwonment

appbcabon to asbestos many 
anvwonmant

PraiaqWlas far 
ta^mantaUan for lining to 

RM

NoLongar^phad Nona for most amnronmanls Involving 

exposure to comma rail asbastns. 
although daact hnk to nsk a 

quuboiubte—*
Shown to be NOT applicable at natural 

environments dua to prasanca ot

exposure to oommareat asbestos 
(but subied to soma of the same 

hnatations as PCM).**1

stM not damonatratsd (and the a the 

currant controversy). .

NONE
Airaady shown to pravido subatanbal 

onpmvamant over PCMa

Airaady shown to provide some 
nprovament over Total Protocd 

Structures.*

Can be farther optbnfd wdh dSf 
from now cancadad study

analyse both:
(1) to develop appropriately matched 

dose response factors and 

(2) to compare against the 
pertarmance of Long Protocol

Stnidurai.

analyaabofh
(1) to develop appropnatoly matched 

dose response todors and 
(2) to compare sgenst tha 

performance of Long Protocol 
Structures.

Strength of EUnea far 
OierttogExtraptatlonto

No longer Appbed and dearly not 
apphcaHa

Shown not to be spplicabla at natural

---------- mlmanvaoranenB.
slfll not demonstrated (and the is the 

currant confrovarsy)."

expadod not to undanesftmalo 

* asbestos nsk retabva to PCMa.

asbestos nsk ratatnra to PCMs. a mots analyse mcorporatmg 
appropnatoly relevant control 

environments

a meta analysts aworporatmg 
appropnatoly relevant eonbol 

anwonmants*

0 Wayne Barman. Aeolus, Inc



TABLE 2 (cont):
COMPARISON OF STATUS OF VARIOUS EXPOSURE METRICS USED FOR EVALUATING ASBESTOS RISKS

*rn maim aamflynamr enimratant iframntnr *
•TBP

b NJ08H Mathod 7400 (1989). The taatary of the davotopmant of preaescrmslhoda predating toe NIOSHMediod » prowdsd m Waton (1882).
* MOSH Mathod 7402 <1994).

* BO Mathod 10312 <1996), with modrficabons wcorporated to locus on the incfccatad warn range of structures. Note that complex abucfureslburdtes. dusters, and matrices) are also mcorporated into toe oounbng rules
* Walton (1962)
'Barman and Crump (2001).

* Barman and Crump (2003).
* Untf February of Pxs year, I waa conductmfl astudy to generate improved charactornabona of the hiaioncal axpoauraa rotevant to cnttcal apxfaneolopy atudiaa. oNcfi would have bean fad to support a raved mate analyse The study was temxnatad.

1ERM (2003)
i As noted m the table. tho potency assorted to structures rapraaantmg any particular axpoauro metric naeda to ba determxied by a farmal mala analysis. If the concantrabona of abuceaaarspraaanlxig a partcular exposure metric are more plentaui 
in the exposure anntonmonta of the ongmatopxlemwtogyetudles (to. the control enwronmenta) than mthotestermronments(o-B.-B Dorado County), than riaha art mated in such environments wfl bo lower than if smhnshs are estimated uawg an 

axpoauro matnc m which such a rMarenoe m not as enframe (or Bio ratios aro oven ravened).

* Bannan Mat. (1996) N
■Chemeotal. (1969).

* Berman (no data) llnpubkahod data from too Oakland Hrts Fife Project.
~ 41 a mjnantim. an aniii|inalalj) malftiip alnpo fsrtor rhniild tie railsvalopricl tortoia aipneiira matnr fmm a mole inilyin mat afipmpnalely rrnrpnmtnn nnniiiflnntinni nf ntmmnmnnfn in wnch cleavage frogmand prodommats

such as pie I tomeataha Mma m South Oakota and the Taconrta Mmaa m bbnncaota Tha slope factor currently bung employed wth Mi matnc waa derived from an analyse m alxti doavgs fragments ware at most a mxusculo oomponoto 

ofthe dusts n the enwronmentsstudnd (see text)
~Thn awiilaip itatahem nf mo ilelntntinm li nntaufTinaimy nrh tn avnlwda nTfnrti nf iliamntnr amnno Ttin human npulnmmlnoy rtnta with artnrpiarm rtnTutiral pnmnir Among other Sungs, tor example, thaaxebng database a truncated tor length so that, ». 

due to toe contoundng effects of length and ewdth. hypothaam tasting uaatg Qua truncated data aat may not provide rehabta detamxnaliona beyond whet has already been reported by Berman and Crump. The atudy deacrtoad w Footoote h 
was dasqjned to provide Bw naodod. additional data

D Wayne Barman. Aeolus, too..



TABLE 3; •
CHARACTER OF EXPOSURES IN ENVIRONMENTS INCLUDED IN THE 1986 UNIT^TfACTOR

ASBESTOS EPIDEMIOLOGY STUDIES AND REPORTED IN IRIS 1988 AS THE BASIS FOR ESTABLISHING THE CURRENT UN

Cohort | Lung Cancer 

K|. x 100

Mesothelioma 

Km x 100

Exposure 
Metric* .. Reference Comments ___________________________ '

Chrysolite Mining and Milling

Friction Products 
Textiles

Quebec mines and mills

Connecticut plant
South Carolina plant

Not Used* 
Not Used" 

0.01
2.8
2.5

Ml

Ml

Ml*
PCM
PCM

(D
(2)

0)
(4)

(5)

All samples contain asbestlform fiber.
The Indicated samples contain fiber with:

serpentinite and trace amphibole cleavage fragments? 

serpentinite and trace amphibole cleavage fragments? 

at most, small amounts of serpentinite deavage fragments* 

at most, trace serpentinite cleavage fragments 

at most, trace serpentinite deavage fragments

Amosite Insulation Manufacture Patterson, N J factory 4.3
1.00E-06

PCM" (6)
(7)

at most, trace amphibole deavage fragments?

Mixed Friction Products

Cement Manufacture

Factory workers 

Insulation Application 
Textiles

British factory

Ontario factory

New Orleans plants
U.S. retirees

U.S. insulation workers 
Pennsylvania plant 
Rochedato plant

0.058

6.7

0.53
0.49

0.75
1.4
1.1

1.20E-05

1.50E-06

3.20E-06

PCM

. Ml*

Ml
Mr

NS
Ml*
TP*

(8)

(9)
(10)
(11)

(12). (13) 
(14)

(15). (16)

at most, trace amphibole cleavage fragments*^

at most, trace serpentinite and amphibole deavage fragments?

■ at most, trace serpentinite and amphibole deavage fragments 
• at most, trace serpentinite and amphibole cleavage fragments 

at most, trace serpentinite and amphibole deavage fragments? 

at most, trace serpentinite and amphibole cleavage fragments 
at most. trace serpentinite and amDhibde cleavage fragments

NOTES:■ Symbols in this column indicate the primary metric by which exposure was monitored in the indicated study. 'Mr means midget impinger with a study specrfic *'**°**'*1 to

convert to PCM. -Ml** means midget impinger with a non-study specific conversion factor. ’PCM" means phase contrast microscopy. PCM .. _____ __
measurements determined at a different plant from the one where mortality was monitored. TP" means that the Initial measurements were coiiected by,thermgl preapitato^^ 
non study specific conversion factor was applied. “NS" means non-specific: exposures were estimated for the Selikoff et al. (1979) simply as the average concentration repo 

for the overall insulation industry.

- Although these are the only environments in which serpentinite or amphibole cleavage fragments might be present at greater than very small amounts (due to the presence of the 

parent rock in which the asbestos is embedded), these studies were excluded from the EPA analysis used to derive the EPA recommended unit nsk factor for asbestos.

* Although cleavage fragments are potentially present (at most In small amounts) in friction product environments (because the lowest grade asbestos fiber used to manufacture 

these materials may not have been as well purified as higher grade fiber (Walton 1982), these environments also exhibit among the lowest dose-response factors.

1 In these environments, it is possible that particles composed of organic materials or other non-serpentinite and non-amphibole inorganic materials may be present ("hidiare 

distinct from serpentinite or amphibole cleavage fragments). However, it is not dear whether any of these materials have been shown to cause cancer in er 
where asbestos was not used. Certainly, up to this point, EPA has not applied the asbestos regulations to environments where particles of these other matenaks rmght be present

without asbestos also being present ...

• In these environments, partides composed of the cementitious binders and filters used in cement manufacture may be present (whk* are 

cleavage fragments). However, whether any of these materials have been found to be carcinogenic in other environmente
Certainly, up to this point. EPA has not applied the asbestos regulations to environments where these types of cementitious binders and pres

D. Wayne Berman, Aeolus, Inc.



TABLE 3 (cont.)
CHARACTER OF EXPOSURES IN ENVIRONMENTS INCLUDED IN THE 1986 HEALTH EFFECTS ASSESSMENT UPDATE REVIEW OF 

ASBESTOS EPIDEMIOLOGY STUDIES AND REPORTED IN IRIS 1988 AS THE BASIS FOR ESTABLISHING THE CURRENT UNIT RISK FACTOR 
REFERENCES

(1) McDonald etal., (1980)
(2) Nicholson at al., (1979)
(3) McDonald etal., (1984)
(4) Dement etal., (1983)
(5) McDonald etal., (1983a)
(6) Seidman (1984)
(7) Seidman (1979)
(8) Berry and Newhouse (1983)
(9) Finkelstein (1983)

(10) Weill etal., (1979)
(11) Henderson and Entertine (1979)
(12) Selikoffetal., (1979)
(13) Petoetal. (1982)
(14) McDonald et al., (1983b)
(15) Peto (1980)
(16) Peto etal. (1982)

D. Wayne Berman. Aeolus, Inc.



TABLE 4:
COMPARISON OF REPORTED NUMBERS OF STRUCTURES BY DIFFERENT 

ANALYSTS IN COMMON GRID OPENINGS

Number of
Grid Number of Total

Number of Analysis Openings Differences Error
Sample identification Analyses Identification Compared in Counts Rate Consistent?

SR-B5-110604 3

SR-B2-100604 2
NR-02-101104 3

NR-B3-101104 2
SFBC-B-1FD-10064 2

Original 15
QC Analysis 1 15
QC Analysis 2 15

14
Original 17

QC Analysis 1 17
QC Analysis 2 17

16 
22

6 40% NO

4 27% NO
5 33% NO

7 50% NO
2 12% B

1 6% E
2 12% E

9 56% NO
8 36% NO

NOTES:
8 Analyses were considered consistent if the total error rate was less than 20%ee tel)

1

D. Wayne Berman, Aeolus, Inc
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TABLE 5:
COMPARISON OF REPLICATE EXAMINATIONS OF THE SAME GRID OPENINGS ACROSS GRID SPECIMENS PREPAREC

FROM SAMPLE SRA-ROS-110604

Original Analysis
Si No Loc. ID IPrtm Tot Class Len Wid Asp
A 1 A2 |nsd

A 1 A2 ■

QA Analvala #1 I
S No Loc. ID Prim To Class Len Asp
A 1 A2 NSD
A 1 A2

QA Analysis #2
Gr No. LOC. ID Prim Tot Class Len Wid Asp
A i A2 AO 1 mdPT 20 15 1.3
A 1 A* AQ 1 MF S.S 0.55 10

i v ■ ■.« -k'V<x.ry IAI 2IA20IAQI -II 11F I 12l 2T~6l IA I 2IA20IAQI 2I 2IF I 121 21 61

BI 3IB11 IazoI I__115___rmroTinil i A 3 B11 AQ 2 2 B 12.5 12 I H : ^ ' v-' W\--
E1 31611 | 1 | | | | 1 I"1 A 3 B11 AQ 3 _3 F 13 2.6 5 3 B11i■ A 3 B11 AQ 4 MD1-1 "T? 1 3 B11■■HHHnHn A 3 B11 AQ 3 MF 8 H—i 3 B11
A 3 B11 L-4* ■ 3 B11 AQ __3 MD2-2 1
A 3 B11 u 3 B11 AQ 3 MF 12
A 3 B11 ft AS 4 MF.. 13 it 5.2
A 3 B11 3 bn AS 4 MD1-1 7.5 6 12
A 3 B11 3 B11 AQ MF ft ~oJS 8
A 3 B11 "1 sir AS 5 13 F u ISiS ft
A 3 B11 3 Bit AQ _fl m6M £6 12 1.7
A 3 B11 3 w AQ 3 ii ii 4.8
A 3 B11 3 m. 55 7 MD1-0 2i i 1.2

"1 BTT AS H 9i fti \i
A 4 B23 AQ 2 2 F 12 1 12
A 4 B23
A 4 B23
A 4 B23
A 4 B23

A 4 B23 AQ 5 5 F 12 0.9 13
A . 4 B23 AD a MD14r 10 7JS 12
JT 4 to Ab ft MF • ft 1 ft
A 4 BS" A6 ft MOM il \6 1.7
A 4 bST Ad IMF 12 i 12

A 5 C12 n n

A 5 C12 AQ 10 11 F 20
A 5 C12 i i

A 5 C12 AQ 6 6 F 14
A 6 C12 AO 3 3 F 02 3A
A 5 C12 AQ 4 4 F 7 0.5 14

A| e to rrj MB ns IS 1
a| ft 6fti AQ MF I t 0.6 16

A 6 C31 NSD
A 6 C31

A 6 C31 NSD
A 6 C31

IAI 71021 IAQ I SI 5IF I 811.216.71 IaI 7ID21 IAQ I 8l BIF . IAI 71021 IAQ I 111 12IF 67l

|B| 6|D2 | INSDI | | | | | |A| B|D2 | INSDI | I I I I IA I aiD^ lAQI 121 13IF I 301 Bl 61

B 9 A11 AQ ___6 B83HB
nB 9 A11 AQ 6 MF 33 31

5 9 All a6 y MF 0.3 16
B 9 All T
B 9 All
B 9 A11
B 9 A11

0JB3C3D

B 9 A11
B 9 A11
I3EQD

aS 9 3 F 3 02 10
□Kan AQ 10 2
B 9 A11 AQ 33 MF 19
B 9 A11 □□
□ BOD n

B 9 A11
B 9 A11
B 9 A11
B 9 A11 ,B 9 A11
8 9 All
B 9 A11 AQ 13 MD1-0 PI 1
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Disagreement in Structure Dimensions 
Between Analysts on this G.O.

D. Wayne Berman, Aeolus, Inc.
Findings:

Original Analysis
of 11 structures observed, 4 are unconfirmed and 
2 are disputed. Also, there are 6 missing

QC Analysis #1
of 14 structures observed, 3 are unconfirmed and 
7 are disputed. Also there is 1 missing

NOTES: QC Analysis #2
Comparisons were performed using rules that are most favorable to finding agreement among the analysts. of 19 structures observed: 12 are unconfirmed
The colors In the table highlight the descrependes noted. and 3 are disputed. Also, 2 are missing.
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COMPARISON OF

TABLE 6:
APPROACHES FOR EVALUATING ASBESTOS-RELATED RISKS APPLIED AT SELECTED GOVERNMENT-LEAD SITES

Year of Study 
Source of Asbestos _

Surrounding Matrix 

Type of Asbestos

Type of structures

PCMe Definition’

'..............  " 1994 ' ^ 2002___________ ■___________ 2003 „ ............... .
.......... JNatural J____toratnjctionProducts____;......... ............ tfiSSSL....... ............*

Serpentinite road aggregate Varied construction materials ' Marble with massive amphibole;

Chrysotile Primarily Chrysotile Amphibole Asbestos

Mixed massive and 
estifbrm amphibole« 
other rock fragments

NIOSH

Pure, milled asbestos with 
Chrysotile with serpentinite fragments of other construction asbestiform amphibole with

' rock fragments debris .. . -------------

Analytical Method for 
PCMe Determination"

Risk Assessment 
Approach

(1) NIOSH: and 
_ (2)COEHHA______

ISO (1993)

ATSDR

AHERA IS010312

________  2003 ;
Natural

SoiTwith vermiculiteand 
massive amphibole

Amphibole Asbestos

Mixed massive and 
asbestiform amphibole with 

other rock fragments

NIOSH

(1) ISO 10312; and 
(2) AHERA

2005
Natural

Serpentinite soil with 
massive amphibole 

Chrysotile and Amphibole 

Asbestos
Mixed massive and 

asbestiform serpentinite' 

and amphibole with other 
rock fragments

NIOSH 

ISO 10312

„ „ . . (1) Combined PCMbnxjsh With
Used standards rather than nski' ’ ^Rp

(1) Combined PCMetnosH with ' ana*)!SI?', (2) Berman and Crump
IRIS URF 0 >PCM " °-1 Protocol

(2) Early version of Berman (2) PCMeATSOR < 0 0003 Wml . ,n ^ separately 

and Crump Protocol (converted from 70 s/mnr) for evaiuated "total structures" and

residents the asbestiform component

Combined PCMomosh with IRIS 

URF

Not Yet Completed: 
Requires attention to QC 

issues

D. Wayne Berman, Aeolus; Inc.



TABLE 6 fcont)
COMPARISON OF APPROACHES FOR EVALUATING ASBESTOSRELATED RISK APPUED AT SELECTED EPALEAD SITES

NOTES:
■ ICF Technology 1994 '

. . b NCEA 2002 ■ _

c Berman, 2003

* EPA 2003

■ Ladd 2005
'Asbesiformserpentinite is just a synonym for chrysotile.

0 The PCMe definitions that are referenced in this table vary by the specific dimensions (primarily the minimum width) of the structures included when 

counting to determine PCMe concentrations. Thus, "NIOSH* means PCMe as defined in NIOSH 7402 (NIOSH 1994); COEHHA means PCMe as defined 

in COEHHA 2006; and ATSDR means PCMe as defined in ATSDR 2001. For further information about these various definitions, see Table 1.

h The specific analytical methods employed for determination of asbestos concentrations in each cited study (from which PCMe concentrations were 

estimated) are defined in this row. In this row, ISO (1993) is a draft version of ISO Method 10312 (IS01995) and that "AHERA" refers to the analytical 

method defined in the Asbestos Hazard Emergency Response Act (EPA 1987). Interestingly, for some studies, there is a mismatch in the size range 

defined for PCMe structures actually recorded in various studies (i.e.NIOSH) and the size range defined in the specific analytical method employed 

to determine PCMe concentrations (i.e. ISO 10312). For details, see Table 1.

1 The ratios of the levels of risk estimated using the indicated approach for assessing risk to the risk estimated based on the approach recommended in 

IIRIS (Current) are provided in this section of the Table. When these ratios are listed as 'observed* for a particular study, it means that risk estimates 

derived in the study itself were directly compared to derive the indicated ratios. When listed as 'estimated' it means that the ratios were derived indirectly 

from information concerning the distribution of asbestos structure sizes reported for the site studied. Note that, when the ratios indicated for a particular 

approach are greater lhan one, H means that risks estimated using that approach would be more health protective than the approach recommended in IRIS 

for the particular environment studied.

1 This footnote was added to the specific cases in which there is actually a mis-match in the size range of PCMe structures counted to determine exposure - 

concentrations and the size range indicated in IRIS (Current). For details, see Table 1.

k The ratios estimated for the El Dorado County study are shown in parentheses because they are highly uncertain due to a combination of QC questions

i. that remain to be addressed for this study and the fact that the analytical methods employed in the study may not have been optimized to adequately 

determine protocol structure concentrations.

1 In this table, 'NA* means not applied in the study indicated.

m For this one study, an earlier draft of the Berman and Crump protocol was applied, as the study was conducted 7 years prior to completing the 2001 

version of the protocol.

" In this table, 'DNA* means dimensions not analyzed (or, at least, the data are not readily available).. Thus, it was not possible to estimate relative 

concentrations for the exposure metric indicated.

0 The approach for risk assessment that produced the greatest risk estimate (between the Berman and Crump protocol and IRIS) is indicated in this row 

for each of the site studies presented in the table. This Is based simply on whether the ratios of relative risks indicated in the previous row are less than or 

greater than 1.

p The level of risk that would be equivalent to the benchmark health criteria employed in each indicated study is presented in this portion of the table. In the 

row labeled, 'compared to IRIS,* the level of risk equivalent to the health criterion is determined based on the approach in IRIS. In the row labeled,

'compared to B and C protocol,' the level of risk equivalent to the health criterion is determined based on the Berman and Crump protocol.

D. Wayne Berman, Aeolus, Inc.



COMPARISON OF STEPS USED TO ASSESS RISBY THE BERMAN AND CRUMP PROTOCOL AND THE CURREN 
IRIS APPROACH.RESPECTIVELY,ALONG WH THEIR RELATIVE REVIEWTATUS

Step in Assessing Ris k
Current IRIS_Apogch_______

Assemble Database of Control Stulb s 
Used 1986 database of 13 studies, 
rejected two studies

Contains no amphibole mining ,

Comments_______ ____

The studies rejected were the two available 
mining studies: McDonald et al. (1980) and 

Nicholson et al. (1979).

Bermanan£rum{A£Dach____

Used 2000 database of 19 studies

Comments

Includes ah amphibole mining study de Kleik et al. (1994)

T

studies
Contains no amphibole contaminated 

mining studies

Includes 2 amphibole contaminated Liddell et al. (1997) and Amandus and Wheeler 

mining studies (1987).

Deflation of RIsIFactors in Control Shift s
1 Mortality Evaluated
2 Exposure Evaluated
3 Exposure Converted to PCM

4 Informally’averaged" 
exposure/response factors generated 
for PCM metric from existing studies 
excluding mining studies.

1 Mortality Evaluated
2 Exposure Evaluated
3 Exposure Converted to PCM 

3a Exposure Converted to Protocol
Structures based on published TEM 
size distributions matched to each
respective control study. .

4 Optimized risk factors across all Resulting agreement across control studies is
studies by fitting data as part of a substantially improved over agreement observed 
meta analysis. using the current EPA approach (see Figure 1)

Status of ReMrocess for Deriation 
Completed foil, formal EPA review

process

of RlsIFactor a
EPA has recognized the need to update this 
document and is in the process of doing so. Also, 
see comment on Berman and Crump approach to 

the right*

Completed initial peer-review 
consultation (by a panel of 11 

experts)

Review comments suggesting changes to 
dimensions for protocol structures are not based 
on formal analysis and the comment would apply 

equally to IRIS approach in any case.

I Deriation of Expsure Estimates from Site Stute s
Determine PCMe concentrations by 
direct measurement using TEM

Determine protocol structure 
concentrations by direct 
measurement using TEM

Eatuate SiteSpcific Ris k
Combine risk factors derived for PCM Requires consistency in manner that PCMe is 
metric to exposure estimates derived determined and equivalence in risk/PCMe
in PCMe metric relationship across environments. Evidence

suggests neither. Process has not been subjected

to formal agency review.
lonsidrations for A&cation to Ampibole ContaminatmSoil aruRoc V

Risk factors not derived from ‘ Mining studies were excluded from the analysis
derive the current IRIS risk factor.

Combine risk factors matched to No assumptions required 

protocol structure metric with 
exposure estimates derived in 
matching metric

Risk factors derived from potentially 
relevant control studies ____.

The mining studies are most relevant to
environments with naturaljy_occi]jTjnc^asbestos3

NOTES:

Federal Register 2006
D. Wayne Berman, Aeolus, Inc.
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FIGURE 1:
RELATIVE RANGE OF POTENCY ESTIMATES FOR LUNG 

CANCER AND MESOTHELIOMA BASED ON EXISTING MODELS

o

ra

>

E

x

o

o

ra

of

Notes: in all cases, ranges are evaluated using the studies
available in 2000 with one negative study excluded.

8 PCM with common potency for chrysotile and 

amphibole, as is current EPA policy. 
b Long Protocol Structures with differing potency

for chrysotile and amphibole, as in Berman and Crump 
(2003).

D. Wayne Berman, Aeolus, Inc.
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